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LETTER OF TRANSMITTAL 


H. Foster Bain, Secretary, 

American Institute of Mining and Metallurgical Ragiseeeal 
29 West 39th Street, 

New York, N. Y. 


Dear Sir: 


I take pleasure in transmitting herewith Transactions, Petroleum 
Development and Technology, 1930, consisting of 70-papers and dis- 
cussions on subjects relating to Unit Operation, Production Engineering, 
Petroleum Research, Refinery Engineering, Petroleum Production both 
at home and abroad, Petroleum Economies and Engineering Education. 
The several papers were presented at sessions in Los Angeles and Tulsa 
in October, 1929, and at the annual meeting in New York in February, 
1930. 

At the Tulsa Meeting it was decided to undertake a special study 
of unit operation with the primary object of determining, first, the 
extent to which fields throughout the world are now being handled as 
units, and second, to measure, so far as possible, the advantages of unit 
operation in reducing costs and increasing the extraction of oil. This 
study was a logical outgrowth of previous work by the Division. For 
several years and especially since 1926, a large amount of study by the 
Division has been devoted to gas-oil ratios, pressure maintenance, 
rejuvenation of oil fields, air-gas lift and its effect on ultimate production, 
well spacing, and kindred subjects, all of which have a direct bearing on 
the problem of unit operation, which is fundamentally an opportunity 
rather than an end in itself. The removal of competitive boundaries 
in any pool makes possible the adoption of advanced engineering prac- 
tices not otherwise fully available. In this volume will be found a special 
chapter on well spacing. This study and that on unit operation are only 
well started and it is hoped that further contributions bearing on them 
will be developed. 

With the enlarged activity of the Division during 1929, a very serious 
problem presented itself in selecting papers for this volume. The 
committee found manuscripts for approximately 800 pages whereas 
only 600 pages of space were available. Consequently it was mandatory 
that a number of papers be omitted. In general, in making selection 
for the volume, groups of papers bearing on a particular subject were 
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tee are not anelatod: in others it a been poverty to 


e ce express personal appreciation to my fellow officers in 
Division during 1929. These men all worked diligently 
ly throughout the year and contributed most largely to its be 
Many engineers, not members of the Petroleum Division, : 
articipated in our discussion and to these thanks are extended. 
is believed that in 1929 the Petroleum Division continued its 
gress as a forum for technical discussion of petroleum problems and 
the active group of officers elected for 1930 indicates that further advances 
wil Il be made in establishing its usefulness to the industry. 

; Respectfully submitted, 

J. B. Umpuesy, Chairman, 

Petroleum Division, 1929. 


PLANS OF PETROLEUM DIVISION FOR 1930 


H. Foster Bain, Secretary, 

American Institute of Mining and Metallurgical Engineers, 
New York, N. Y. 

Dear Sir: 


The Petroleum Division of the American Institute of Mining and 
Metallurgical Engineers plans three meetings for the year 1930-1931; 
the first at Los Angeles, probably the latter part of September; the 
second at Tulsa, Oct. 2-3, the two days preceding the International 
Petroleum Exposition and Congress; the third at the annual meeting in 
New York, in February. 

The principal topics at the fall meetings will be engineering prob- 
lems of unit operation, near-unit operation and proration agreements; 
particularly problems of recovery, economics of recovery and develop- 
ment, and conservation of natural resources. There will be papers 
presenting new developments in the technology of production engineering, 
such as effect of repressuring on water encroachment, natural water 
flood of oil sands, physical characteristics of ideal rotary muds and effect 
of heat and pressure on different cements, and probably one paper on the 
supply and demand of petroleum and its products. 

The meeting in New York will again extend over three days in order 
to avoid concurrent sessions. The topics will be unitization, production 
engineering, engineering education, domestic production review, foreign 
production review, economics, and engineering research. Annual 
summaries of production engineering, production, economies and refining 
will be presented at an evening session. 

Efforts will be made to obtain manuscripts early enough to secure 
the advantages of printing prior to the meeting and to eliminate mimeo- 
graphing. The Committee also hopes to reduce the time required for 
presentation of papers by requesting authors to present abstracts, 
especially when an author is unable to attend the session. 

The establishment of a Lucas Medal for outstanding accomplish- 
ments in Petroleum Engineering is planned. This has been under 
consideration for some time, and the Committee believes that arrange- 
ments can be completed before the end of the year. 

Respectfully submitted, 
C. V. Minurkan, Chairman, 
Petroleum Division, 1930. 
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Unit Operation 


Introduction 


rouitizatian ee Petroleum Division at ite October, 1929, meeting 
a aac resolved: 


the Appalachian Region and foreign fields. Each of these gentlemen 

_ selected as helpers many members of the Petroleum Division. 

In later pages the Committee report is presented first and includes 

discussion at the New York and Tulsa meetings. The report and dis- 

cussion are followed by three papers contributed by members of the 

Petroleum Division as individuals. These papers are in no sense spon- 

£ sored by the Unitization Committee but it is believed that they contribute 
ee to general thought on the subject and may stimulate valuable discussion. 


Committee Reports 


~ General Summary by Unitization Committee 


(New York Meeting, February, 1930) 


_Unitization—in some form from simple agreements among operators 
to complete consolidation of ownerships—is a means of obviating the 
wastes of unrestrained competition among owners in extracting oil 
and gas from a common reservoir, as well as of adjusting its output to 
the current needs of its owners. It offers opportunity for application 
__ of improved production methods which are expected to increase recovery, 
decrease developing and operating costs, and assist in stabilizing output. 
; igs 
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final raccramientaneds are sad peas shine than to : 
opinion of the Committee that Unitization is a logical 
trend in the oil industry, with sufficient public inter 
warrant the continued study by and support of the Petr 

The study thus far has discovered a definite trend toward 
tion with much sympathy for it and many embryonic units a 
existence, but their development in most instances has not | prog o 
the point where results can be tabulated to show their full significan 
Neither has the movement progressed to the point where any § 


authors as the one correct method to bring about unit operation. 
attempt is admittedly imperfect and incomplete and represent: 
independent experimental groping toward, rather.than an arrival at, th 
method which will serve as a standard for future efforts. This is said — 
notwithstanding each of these attempts is much in advance of the 
unorganized competitive style of development, and many already show ~ 
substantial economie rewards. 

Experience over at least one more year should be allowed to prove ie 
or disprove contentions that we hope will be promoted at this meeting. 
Discussion is very much desired. Points against as well as for unit 
operation should be brought out. Furthermore the proper scope and ~ 
character of this study should be discussed. 

Information that was developed by the questionnaires was compiled 
into the several progress reports presented at this meeting. 


* 
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ProGress OF UNITIZATION IN UNITED STATES AND FOREIGN FIELDS. 


Popularly the term “‘unitization”’ has been expanded to include all 


of the partial steps that are being taken toward the ideal of unit operation, 
such as drilling and spacing agreements, cooperative repressuring and 
flooding, ete. Approximately 185 projects that might be included within 
that classification were reported to the several committees. They 
were distributed as follows: 


Singly Operated Pools Some Degree of Unitization 
United States Pools...........1 15 Galifornia Poolsig jae See 15 
Horeignghopls: een eae ee 37 Oklahoma-Kansas............. 57 
Total. «sella: unlfe Seale eee nea 52 Ste Texas-Lousiana, etc........... 380+ 
33 Rocky Mountains. ee 27 
> 2 POP PAED sists weey eee ae 4 
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World production during 1928 totaled 1,322,370,000 bbl. Of this 


mount the United States produced 901,474,000 bbl., or 68 per cent. of 
e total output. The amount produced under unit operation in the 


ft _ produced in foreign countries, approximately 231,400,000 bbl., or 55 per 
- cent. of the total, was produced under unit operation... The complete 


by unit pools in foreign fields was doubtless somewhat higher. It should 

be borne in mind that since the production from fields operated as units 

_ in many cases is restricted to market demands, the present production 

~ of these fields represents only a small percentage of the amount that 
_ could be produced if the fields were completely drilled and the wells were 
' operated at full capacity. 

In many of the foreign fields competition in drilling and producing 
operations is just as keen as in the United States and the methods fol- 
lowed in developing and operating the properties are not essentially 
different from those employed in our highly competitive fields. It is 
somewhat significant, however, that with the exception of the Lake fields 
in Venezuela practically all of the newer producing fields in foreign coun- 
tries, and those that give promise of being extremely important in the 
future, are operated as units by single companies. 


CLASSIFICATION OF OIL AND Gas Poous 


For the purposes of this study oil and gas pools, both developed 
and undeveloped, are separated into four classifications which, for 
convenience, will be designated ‘“‘unit,” ‘‘near-unit,” ‘‘cooperative”’ 
and ‘‘competitive.” 


Unit Pool.—This term will be applied in those cases where a single management 
controls the development and operation of the entire pool in such manner that surface 
property lines may be completely disregarded, and which will permit of utilizing to a 
maximum forces of expulsion native to the reservoir. A notable example is the 
Masjid-i-Suleiman (Temple of Solomon) pool in Persia. 


Near-unit Pool—This term will be applied in those cases where a single manage- 

ment controls and develops the entire pool or main part thereof, but in which control 

J developments and operations are influenced by regard for conflicting royalty or lease 

interests so that oil and gas must be extracted at points determined to some extent 

by surface boundaries as distinguished from being influenced solely by reservoir 
content, A notable example is Salt Creek pool in Wyoming. 


Cooperative Pool.—This term will be applied to those cases where several or many 
managements whose limitations are determined by surface boundaries control the 
development and operations in a single pool, but over which several managements 
there is a committee or some other authority named by them that regulates to some 
extent the rate and character of development and extraction from that pool. A nota- 
ble example is the Yates pool in Pecos County, Texas. 
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Competitive Pool.—This term will be applied to those cases where several or many 
managements whose limitations aré determined by surface boundaries, control the 
developments and operations in a single pool, but over which diversified manage- 
ments there is no co-ordinating control except that which is imposed by practices and 
laws of the industry. Most pools in the United States come within this classification. 


Reports were submitted by the respective regional chairmen on the 
status of unit operations in California; the Rocky Mountain Region; 
Kansas and Oklahoma; Arkansas, Louisiana, Texas and New Mexico; 
Appalachian Region, and foreign countries. These reports are sum- 
marized at length as individual papers in following pages of this volume 
and reference is made to them for further discussion. 

Many members of the Division have contributed to this study and 
to these the Committee is particularly indebted. A list of contributors 
appears on -pages 79 and 80. Special attention is called to the dis- 
cussion (pages 81 to 104) following the Committee reports. 


Furure Score or A. I. M. E. Unirization Stupy 


E. L. Estabrook cooperated with H. H. Hill in accumulating and 
preparing material on Eastern United States and Foreign Fields. In 
addition the former prepared an analysis of the character continued 
study should take that justifies being quoted at length in this summary, 
and is as follows: 


The New York members of the Committee were assigned the foreign correspond- 
ence as well as that covering the eastern United States and they soon found that the 
exchange of letters with the members in distant countries is a slow matter. Acknowl- 
edgments of the receipt of the questionnaire and advices that the writers are working 
on the problem are pouring in but the time available has not been sufficient to permit 
the foreign members to prepare their data and get them to us. The correspondence 
has at least given us a fair idea of the status of unitization in foreign fields and Mr. 
Hill has presented that information together with some brief descriptions of important 
operations, but a number of months will certainly pass before much of the information 
we seek will come to our hands. 

The ideal of unit operation contemplates the development and exploitation of each 
oil pool by a single operator, or jointly by several operators who will develop and 
produce in accordance with a predetermined plan having as its objects the conserva- 
tion of the hydrocarbon contents of the pool and the maximum ultimate profit to the 
owners. Popularly the term ‘‘unitization’’ has been expanded to include all of the 
partial steps that are being taken toward the ideal of unit operation, such as drilling 
and spacing agreements, cooperative repressuring and flooding, etc. 

The profits to be derived from unitization are expected to come from three sources: 
(1) decreased expense of development and operation; (2) increased recovery and more 
complete utilization; (3) better prices for the product through elimination of distress 
selling in times of overproduction. The work of the A. I. M. E. Committee is 
particularly the collection and presentation of the facts concerning the first and 
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nd expected. sources of profit. Oil pools operated under single ownership are 
mmon in the United States except on the Gulf Coast, but there are a number in 
ign countries. Studies will be made of these unit-operated pools for comparison 
’ other pools developed under competitive conditions in an attempt to arrive at 

_ some measure by which the economic advantages of unitization may be determined, 
_ The landowner who pools his holdings in a unit operation gives up his possibility of 
profit as the winner in the competitive fight and is entitled to know what benefits are 
_ likely to accrue to him as compensation for this forbearance. Are these savings 

really sufficient to warrant his entering the project, or must he depend only upon 
_ the hope of increased recovery and higher prices? What are the facts concerning the 
_ increased ultimate recovery that is reputed to follow unit operation? Is such increase 
a logical sequence of unit operation or does the lack of competition merely make it — 
possible to apply improved production methods which might bring about increased 
ultimate recovery? 

These are questions of fact for which the members of the A. I. M. E. may properly 
_ seek the answers. It is an engineering job and one for which we believe we are more 
competent than any other body of men. The unitization of oil pools is a big project 
- involving many divisions of the petroleum industry. The rights of the landowners, . 
the royalty holders and the lessees are affected; state or national legislation may be 
required; operating agreements must be devised which will take care of the changing 
_ prospectivity of adjoining acreage as the geological structure is made known by drill- 
ing; boards of appraisers and of operating engineers and geologists must be organized, 
and a multitude of other details require study and definition. There is plenty of 
___—-work for a dozen committees on unitization from different. organizations provided 

each will confine itself to that certain sphere in which it is most competent or will seek 
out and work upon phases of the problem that are not already being handled by a 

competent group. 

There are disadvantages to unit operation as well as advantages. Men need the 
stimulation of competition if they are to do their best. Unitization may mean 
stagnation instead of progress. Short-sighted managements may fail to take advan- 

_ tage of the opportunities for sound economy which are created by unitization. Theo- 
retically, unit operation makes possible an increase in the ultimate recovery of oil 
by repressuring during the early life of the field but there are few, if any, places where 
the method is being used. The fact is that crude oil is, and has been for several years, 
so cheap and so abundant that it has not generally been considered prudent business 
practice to invest large sums in compressor stations and other equipment for a pros- 

_pective increase in production at some considerably distant date. Improved 

production practices which have accomplished some conservation without much 

additional expense have been welcomed but the industry generally has not made up 
its mind to spend real money on improved extraction methods. We must use care in 
estimating the advantages of unitization lest we count a number of conservation 

; chickens that have not yet been hatched. 

2 Among the foreign fields, Venezuela contains several well-known pools which are 

-__ owned entirely by one company and which have been developed and operated without 

3 competition. Mene Grande is the oldest and most important, but El Mene, Con- 

: cepcion and La Paz have been producing for a number of years. These pools are 

being studied to see if their development has been accompanied by a real saving of 
money and human effort over that which would have been expended in competitive 
development. Such a study involves a consideration of the factor of delayed return 

" upon investment and may bring us face to face with that bugbear of ‘compound 

interest’”’ which drives the miner to the rapid extraction of his ore and the factory 
owner to cutting prices in order that his plant may operate full time and keep down 
the fixed charges per unit of output. 
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oil-bearing territory with remarkably 
holes and character of reservoir. Certain 
cat or competitive conditions, while other parts, where 
blocks, were practically unit operations. By making proper 
in subsurface conditions it is believed that some very 
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: “Unit Operations in Bastert United States and in Foreign 
_ Countries 


By H. H. Hitu,* anp E. L. Estasroox,t New York, N. Y. 


(New York Meeting, February, 1930) 


TuIs report summarizes the information that was obtained by the 
Committee on Unit Operation in Eastern United States and in the 


foreign countries. 


Letters and questionnaires were sent to all of the Eastern members 
of the Petroleum Division of the American Institute of Mining and 
Metallurgical Engineers and to those who are living outside of the 
United States, asking them to advise the Committee of any unit opera- 
tions that are in effect in the various countries of the world and to furnish 
the names of men to whom inquiries should be directed for detailed infor- 


mation on the different projects. The response to the Committee’s 
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request is worthy of note. Practically all of the members who had 
knowledge of foreign operations replied to the questionnaire and not only 
furnished information that was of value to the Committee, but they 
evidenced a real interest in the subject of unit operations and assured the 
Committee of their willingness to assist in every way possible in order 
to make the study a success. The Committee wishes, at this time, to 
express its appreciation of the excellent cooperation that was received 
from the members of the A. I. M. E. to whom questionnaires were sent. 

Unfortunately, the limited time that has been given to this survey 
did not permit the collection of detailed data on the different unit opera- 
tions that are now in effect. It required several weeks to get back replies 
from the members located in some of the foreign countries and as a 
result the men who were asked to furnish information on the various 
projects have not had sufficient time to submit the detailed data that 
were requested. The Committee has been assured, however, that infor- 
mation relating to a number of unit operations will be furnished in the 
near future. 

Part of the delay has been due to the fact that the purpose of the 
study was not understood and because the terms “‘unit’’ and “near- 
unit” operations were not clearly defined. In the foreign countries, 
practically all of the operations in noncompetitive fields are on concessions 
or leases that have been granted to a single company and for that reason 

* Petroleum Engineer, Standard Oil Development Co. 


+ Petroleum Engineer, Pan American Petroleum & Transport Co. 
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unit operations now under way in the various foreign cunts th 
present report gives only a brief summary of those in existence and ai 
idea of their relative importance in the immediate petroleum pictur o 
of the world. The data that have been promised on the different bes 
jects will be embodied in future reports. aS 


EasteRN UNITED STATES —_ . 

According to the information that has been received, the only exam- _ 
ples of unit or near-unit operations east of the Mississippi are furnished _ 
by a few prospective gas fields and by a number of repressuring projects. __ 
There are, however, several small pools operated by single companies 
and in some instances, no royalty interests are involved as the land is 
owned in fee by the operating company. In the repressuring projects 
that have been organized on the unit plan the companies pool their — 
acreage and the operations are carried out by a single operating company. 
In a number of other repressuring projects the several companies operate 
their own properties but in accordance with a cooperative agreement 
between the companies involved. This plan has worked satisfactorily 
in many cases. 

Examples of cooperation between companies as a means of reducing 
operating expenses and in limiting the number of wells to be drilled, are 
furnished by agreements between the gas companies in Southwestern 
Pennsylvania, the drilling of water wells on property lines in the Bradford 
field and in the well-spacing program that has been adopted in the Mount 
Pleasant field in Michigan. As a result of cooperative agreements, the 
gas companies operating in Southwestern Pennsylvania were able to 
shut in 270 wells, including 16 gas purchase contract wells, during the 
past summer in Armstrong, Allegheny, Washington, Westmoreland, 
Clarion and Green counties, Pennsylvania. 

In the Bradford field in Pennsylvania and in the Allegany field in 
New York, all companies cooperate in the development of boundary lines ; 
for water-flooding by drilling the initial water wells along the property 
lines and dividing the cost equally between the adjoining operators. ? 

In the Mt. Pleasant field in Michigan, where one company owns 
approximately 60 per cent. of the acreage, a spacing program of one 
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field. This. program represents a decided contrast to the exceedingly 


~ elose spacing that was followed in the highly competitive fields near 


_ Saginaw and Muskegon where a large number of unprofitable wells were 
drilled and in the latter field immense quantities of gas were wasted 
__ before pipe lines could be constructed to consumers 2 miles away. 


Unit OPERATIONS IN FOREIGN FIELDS 
North America 


Canada.—In New Brunswick, an area of 10,000 square miles has been 
leased by one company and a producing field covering an area of approxi- 
mately 3 square miles has been developed. About 100 wells have been 
drilled since the field was opened up and during 1928 approximately 
8000 bbl. of crude oil were produced. 

In Alberta examples of unit operation are furnished by three gas 


fields, two of which are operated by one company and one by another 


company. A prospective oil field in the same province will probably 
be operated by one company as a near unit. 

Mexico.—One company operates two pools, the Filisola and Tonala 
fields on the Isthmus of Tehuantepec. These fields produced 2,415,000 
bbl. in 1928 and it is estimated that the production in 1929 was in excess 
of 7,000,000 barrels. 

A number of joint operating agreements have been made between 
companies in Mexico as a means of reducing costs both in the develop- 


ment and operation of properties. 


South America 


Venezuela.—The following important producing fields in , Venezuela 
are each operated entirely by single companies. 

Mene Grande, present production approximately................ 
El Mene, present production approximately................006. 
La Paz-Concepcion, not producing at present. 

Other producing fields that are operated by single companies but which 
are not considered as major fields at the present time are: Rio Tarra, 
Rio de Oro and Guanoco. Possible fields that will be operated by single 
companies have been developed at Urumaco and Quire-Quire, but at 
present there is no outlet for the production from these areas. 

In the competitive producing fields, along the eastern shore of Lake 
Maracaibo, the Ambrosia, La Rosa, Punta Benitez, Tia Juana and 
Lagunillas fields, the three companies interested have made joint agree- 
ments from time to time on well spacing and on other drilling and 


producing problems. 


53,000 bbl. daily. 
5,000 bbl. daily. 
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Colombia.—The two producing 
ated by a single company. ‘The prod 
amounted to 19,895,677 bbl., an average of al 

-Peru.—The production in Peru is controlled by two co: 

operate in separate areas. In 1928 one company produce | avel 
of 25,966 bbl. daily from one general district while the other mn] 
produced an average of 6523 bbl. daily from the other area. 

_ Ecuador.—The production of Ecuador, amounting to ‘approximate 
if 090, 000 bbl. in 1928, is practically all obtained from the pee 
peed by one company. 

Argentina.—All of the important producing fields in Argentina a 
operated on a competitive basis. 

Bolivia.—Although no production is being rad beed from Bolivia, — 
large concessions have been granted to two American companies and — 
any fields that may be developed will no doubt be operated on the ay 
unit plan. =a 

Trinidad.—Some of the smaller pools in Trinidad are operated as 

units while in the competitive pools there are large consolidated blocks 
operated by single companies. In many cases there are cooperative 
agreements between the companies on developing the boundaries of the 
properties. The Trinidad Government discourages competitive drilling 
by prohibiting the drilling of wells within 150 ft. of the boundary of a 
property and encourages centralized operations in the different areas by 
setting up ‘‘spheres of influence” around newly developed leases. 


Europe 


France.—The operations at Pechelbronn where oil mining is being 
employed are under one organization and can be classed as unit opera- 
tions. The production of this area amounted to approximately 500,000 
bbl. in 1928. ~ 

A small field at Gabain in the South of France is operated under the 
supervision of the Department of Mines, and although this furnishes an 
example of unit operations, the production of the field amounts to only 
a few barrels daily. 

Germany.—The operations in Germany are competitive but an 
attempt has been made to consolidate a number of properties in one 
area that is now being tested. 

Italy.—The four small producing fields are operated by single com- 
panies. There is no competition in the different fields as concessions are 
granted by the Government covering each producing area completely. 

Rumania.—All producing fields in Rumania have been developed on — 
a competitive basis as the land is divided into small plots seldom exceeding 
100 acres, and in many cases as small as 2 acres. However, the companies 
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operating i in the different fields cooperate i in determining casing programs, 


spacing of wells and in the exclusion of water. 

Poland.—Operations in Poland in the past, have been highly competi- 
tive but recently a joint company has been incorporated in which the 
Polish Government and the leading oil companies are participants. This 
company, known as the “‘Pioneer,’’ will either engage in the exploration 
and exploitation of bituminous minerals, including petroleum, or will 
support the work of others through Fit oil participation. 

Russia.—All the fields in Russia are operated by a single agency, the 
Soviet Government. Under the new plan of development each sand is 


developed separately by drilling rows of wells around the entire pool and 


drilling new rows toward the center of the field as the edge wells become 


_ exhausted. The production of the different fields of Russia, for the year 


1928, was approximately as follows: Baku, 57,655,000 bbl.; Grozny, 
27,138,000 bbl.; Emba, 1,666,000 bbl.; Turkestan, Kuban, Black Sea area, 
1,018,000 bbl.; total, 87,487,000 bbl. or approximately 240,000 bbl. daily. 


Asia 


Persia.—The oil fields of Persia furnish an excellent example of the 


_advantages of unit operations. The fields are all operated by a single 


company and because of unit control it has been possible to limit the 
number of wells to the minimum required for draining the area, to pro- 
duce the wells in the most efficient manner, and to restrict production 
to the market demands. The production of the Persian fields, of which 
the Maidan-i-Naftun is the most important area, amounted to approxi- 
mately 40,000,000 bbl. in 1928, or about 110,000 bbl. daily, and this 
represented only a portion of the potential production.! 

Irak.—Although important discoveries of oil have been made in Irak 
there is no outlet for the production at the present time. The field of 
I. P. C. will be operated on the unit plan as at present there 
is only one operating company consisting of British, French, Dutch 
and American interests. 

India.—In the Assam and Punjab districts the several individual 
pools are each owned entirely by one company. The production from 
the Assam district in 1928 amounted to approximately 900,000 bbl. while 
the Punjab district produced approximately 350,000 barrels. 

In the old Yenangyuaung field in Burma there are a number of hand- 
dug wells that are still operated by the land owners. Most of the newer 
part of the field is operated by a single company as is also a large part 


1 An excellent discussion of Unit Operations in Persia was given by Capt. D. 
Comins at the December, 1928, meeting of the American Petroleum Institute. See 
Sec. III, Proc. 9th Annual Meeting, A.P.I. 
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Dutch East Indies——The several fields i in eee: zp 
North Sumatra are operated by asingle company. - “The field i 
are also operated on a unit basis. In South Sumatra there ar 
panies in the Palembang district, one a subsidiary of an 
company, but these are operating in different fields. All the oil 
produced in the Dutch East Indies, therefore, can be considered as co 
from fields that are operated as units. The production of the Dute ae 
East Indies in 1928 amounted to 34,550,000 bbl. (approximately 94,701 if a 


i bbls. daily) which was divided as follows: Borneo, 18,720,000 bbl. + 
; Sarawak, 5,379,000 bbl.; Java, 3,498,000 bbl.; Ceram, 276,000 bbl.; : 
Sumatra, 6,682,000 baer ye 


Japan. —The production of Japan, which amounted to 1,773,000 bbl. in- t 
1928, is practically all obtained from properties operated by one company. fe 

Saghalien.—The operations on the Island of Saghalien are conducted 
a: by a Japanese company and by the Soviet Government. Although the ~ 
area has been divided between the two interests, the operations are on 
different parts of the island and‘are, therefore, noncompetitive. The pro- 
duction of Saghalien in 1928 amounted to approximately 500,000 barrels. 


Africa 


_The total production of Africa amounted to only 1,811,000 bbl. 
in 1928, of which approximately 1,800,000 bbl. were produced in Egypt 
and 11,000 bbl. in Algeria. The entire production of Egypt was produced ; 
by a single company. There are no producing fields in Africa south 
of the equator, but several wells have been drilled. If oil is discovered,  _— 
the fields will no doubt be operated as units, as large concessions have 
been granted to the different companies. 


SUMMARY 


The outstanding unit or single company operations outside of the 
United States are: the Tonala and Filisola fields in Mexico, the Mene 
Grande and El Mene fields in Venezuela, the Infantas and La Cira fields 
in Colombia, the fields in Peru, the Russian fields operated by the Soviet 
Government, the fields in Persia and the several fields in Dutch East 
Indies. These fields, together with the smaller ones mentioned, 
accounted for a production of about 231,400,000 bbl. in 1928, which was 
approximately 55 per cent. of the total of 420,896,000 bbl. produced 


é 


outside of the United States during the year. The complete figures for % 
1929 are not available but the percentage of the total produced by unit a 
pools was doubtless somewhat higher. There are other unit fields which : 
are not important from the standpoint of the present world market for a 
petroleum, but some of these will no doubt become of considerable impor- 4 
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By A. W. Amprose* np C. E. Reames BaRTLEsviLu ‘Ma 
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a projects in Oklahoma and Kansas as obtained from replies to ques 

. naires sent out by the A. I. M. E. committee for these states. 
information received indicates that unitization is growing rapidly i in 
area, but has not been in operation for a sufficient length of time ee 
develop production history. It was impossible to obtain a record of all 
unitization projects in the time available. The magnitude of such © 
projects is indicated by the fact that reports were received covering a 
total of 171,420 acres in Kansas and 49,350 acres in Oklahoma. Mostof 
these units have been formed during the past 2 years, the greater number. 
having been completed in 1929. It is anticipated that even more will 
be formed during the present year. 

The following important facts have been emphasized by answers to 

. the questionnaire and discussion with various operators: 

1. Unitization is growing rapidly, as evidenced by the number of 
units and the large total acreage now included in units as compared with 
practically no acreage 2 years ago. 

2. Operators are convinced that unitization is reducing development 
and operating cost and they anticipate greater reductions as experience 
is gained in unit operation. 

3. Producing units have not been in operation for a sufficient length 
of time to give significant production history from which to estimate 
the ultimate recovery of oil, but the general opinion seems to be that more ~ 
oil will be recovered. 

4. In view of the benefits to be derived from unitization, many 
operators are refusing to carry on wildcat operations unless a unit has 
been formed. If this attitude continues to grow there will be no large 
pools developed in Oklahoma and Kansas in the future except under 
unit control. 

SUMMARY 


The following tabulation gives a condensed summary of the informa- 
tion received on unit operations in Oklahoma and Kansas, but does not ; 
include all units, because many were not reported. _ : : 

‘\. 


* Manager of Production, Empire Cos. 
} Chief Production Engineer, Empire Gas & Fuel Co. a 
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* Does not include three units reported without acreage, 
> Does not include one unit reported without acreage. 
¢ One contract to test acreage. 


)- OKLAHOMA—SUMMARY BY COUNTIES © 
Seminole County j 
ae? 10 units; average acreage, 565. 
3 units producing, 4 units being tested and 
--- 8 units have been tested adversely. 
The last three units were formed because of the short term of the leases. 
A considerable saving was made by each of the companies involved, in that only 
one dry hole was necessary to test the block. 


P Pottawatomie County 
4 units reported, acreage involved in one not given. 
= 2 units—average acreage, 515. Test well drilling on each unit. 
1 unit of 6000 acres on which one dry hole was drilled. 
Not known whether unit is to be tested further before abandonment. 
Hughes County 
2 units; average acreage, 460. 
1 unit. One well completed and second drilling. 
lunit. Two gas wells completed. 


~ Woods County 
2 units; average acreage, 9680. Hach being tested. 


Payne County 
2 units; average acreage, 980. 

- lunit. One 300-bbl. well and second well drilling. 

lunit. Eight oil wells and 2 dry holes have been completed. 

Lincoln County 

3 units, 640 acres in each. 

, Dry hole drilled on one, well drilling on second and one 75-bbl. well completed on 

: third. There are four to six operators in each unit. 


Greer County 
1 unit; 8000 acres; well drilling. 


. Noble County 
1 unit; 2560 acres; well drilling. 
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Pontotoc County 

1 unit, 1330 acres. 

One well completed and three dry-hole offsets. It is possible that more dry holes 
would have been drilled as a result of the initial well had not the acreage been 
controlled by a unit. 

Osage County 

1 unit; 480 acres; not tested. 
Logan County 

1 unit; 680 acres; dry hole drilled. 


KaANSAS—SUMMARY BY COUNTIES 

Butler County 

4 units; average acreage, 560. 

2 units; dry and abandoned. 

2 units; well drilling. 
Sedgwick County 

3 units; average acreage, 4300 acres. 

1 unit, producing; 63 wells. 

2 units; dry and abandoned. 
Rice County 

4 units; acreage on one not known. 

8160 acres average for three units. Well drilling on each unit. 
Summer County 

2 units; acreage on one not known; 640 acres other unit. Well drilling on each 

unit. 

Elk County 

1 unit; 640 acres, well drilling. 
Russell County 

3 units; 3006 average acreage. One unit undeveloped, one dry, one producing. 
Rooks County 

1 unit; 1760 acres undeveloped. 
Reno County 

1 unit; 640 acres undeveloped. 

1 unit; 24,000 acres. One well; one drilling. 
Rush County 

2 units; average acreage, 2800. Well drilling on each unit. 
Edwards County 

1 unit; 15,000 acres. One well producing oil and gas. 
Barton County 

1 unit; 7,560 acres. Well drilling. 
McPherson County 

2 units; 5250 average acreage. 

Well drilling on one, other dry and abandoned. 
Cowley County 

1 unit; 880 acres; dry and abandoned. 
Pratt County ; 

1 unit, 3000 acres; no development. 
Stafford County 

lunit. No information as to development or acreage. 
Ellis County 

1 unit; 5000 acres; dry. 
Barber County 

1 unit; 28,000 acres; dry. 
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Dickinson County 
__ Lunit; 4500 acres drilling. 
Ford County 

-_ L unit; 11,600 acres drilling. 


TypPE oF ContTRACT 


3 Within the last year the Mid-Continent Oil & Gas Assn. has 
been active in promoting and encouraging unitization. Through its 
3 committees several types of unit operating contracts have been prepared, 
- one of which can be made to apply to almost any set of conditions if the 
_ operators really wish to form a unit. These contracts are known as the 
_ Committee, Trustee, and Adjustment Forms and all provide for a single 
operator. In case one of these contracts can not be made to apply a form 
has been provided for ‘‘Agreement for Cooperative Development and 
Operation” in which each operator agrees to conform to a plan of develop- 
ment and operation. This latter plan falls short of unitization, but 
makes an effort to approach it and is far better than no cooperation. 
The Committee form of contract is most popular. With one or two 
exceptions all of the unitization projects reported are operating under 
this form with minor changes to meet special conditions. The contract 
provides for the assignment of undivided interest in the leases making 
up the unitized area so that each of the parties shall have title to an 
undivided interest in the unitized area in the proportion that each party’s 
present interest in the acreage bears to the whole. One of the parties 
is usually selected as the operator and each party has a representative 
on the Advisory Committee, with a vote in proportion to the interest 

4 
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he represents. 


Propucine UNITs 


Sketch maps have been prepared to show a few unitized areas on which 
production has been obtained and to outline briefly a few points regarding 
each unit. 

3 Fig. 1 shows a portion of a pool in Kansas, which was combined into 
a unit. There were only three operators included in this unit and it is 
understood that one of them had no acreage at the time of forming the 
unit but was given an interest in the block for drilling the initial well. 
One company owned the major portion of the acreage in the unit which 
it acquired as the result of core-drill information. The outline of leases 
is shown on the map. It is evident that unitization has prevented a 
widespread drilling campaign, which usually follows a discovery of this 
character, and the many dry holes resulting from such a drilling pro- 
gram. A large flush production was also prevented. 

Fig. 2 is the outline of a unitized pool in Oklahoma, showing the 
individual leases and those included in the unit. This pool was located 
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Fria. 1.—Portion or KANSAS POOL COMBINED INTO UNIT. 


and believes that in a series of such unit operations these conditions 
will be equalized. The savings resulting from the elimination of competi- 
tive drilling may have decreased development costs to such an extent that 
the company has actually made a profit on this unit. 

Fig. 3 is the outline of a unit pool in Oklahoma in which the total _ 
gross production to Jan. 31, 1930, has been over 1,000,000 bbl. The : 
unit consists of 640 acres divided into 12 different leases, originally owned 
by eight different operators. It is estimated that at least eight additional 
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dry or noncommercial wells would have been drilled in this area had it not 
en unitized. In this connection it is interesting to note the dry holes 
i ‘illed around the center of sec. 10 to the west of the unitized block. 
_ These wells were drilled two or three years ago. Had the area been 
‘ _ unitized it is safe to estimate that over one-half the cost of the dry holes 
could have been saved. 

If the leases were being developed individually there would be several 

gas-lift plants. Under present conditions one gas-lift plant is expected 
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to handle the operations and the extraction of gasoline is taken care of 
for the entire unit. Cost of development has been reduced by operating 
only a few drilling outfits at once. This has also reduced the cost of 
water and gas and the necessary piping. Low operating costs are 
anticipated because only a small personnel and overhead will be required. 
Because of unitization, repressuring operations may be profitable in 
the area at some future date, while under divided ownership this would 
not be considered. 
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A few sketches have been | 

~ contrast in development between unitize 
Fig. 4 shows development of a nonunitiz 

outstanding feature of this development is the 1 
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wells and the few producing wells. At the present time * 


producing wells, 50 drilling wells, 15 different operators, « 
ment started on 23 different leases. The discovery well b as 
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Fig. 3.—Unirizep OKLAHOMA POOL; TOTAL GROSS PRODUCTION TO JAN. 1, 1930, OVER 
1,000,000 BARRELS, 


doned because of mechanical troubles and a twin well is now being drilled. 
If this pool had been unitized, there would be only one operating instead 
of 15 and possibly 5 or 6 strings of drilling tools instead of 50. | Under 
the present development program many dry or unprofitable wells will 
be drilled, many of which could be eliminated if unit operation were 
in effect. 2 

No effort has been made to estimate the savings in development 
and operating cost of this pool under a unitization plan as compared with 
the present plan, but it is safe to estimate that these savings would be 
several million dollars. 
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ig. 5 shows two maps of the same pool, one as actually developed 
he other as development would have been under unitization. The 
4 of completion is shown for the discovery well and the date of starting 
_ for the other wells. The expiration date is shown for each lease. 
In the area under consideration there are 800 acres, divided into 
13 leases owned by 11 different operators. A total of 21 oil wells and 
_ 4 dry holes have been drilled and one well is now drilling. 
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Fig. 4—NoNvUNITIZED POOL IN KANSas. 


If the pool had been unitized it is estimated that only 9 wells would 
have been drilled to date—8 oil wells and one dry hole. The location 
of the wells is shown on the map. The discovery well would have been 
drilled on the first lease to expire and after its completion as a commercial 
producer 3 offset wells would be required. The leases in the northeast 
and southeast corners of the unit would require development next 
because of expiring leases. A producing well would have resulted from 
drilling in the southwest corner of the northeast lease. The three offset 
producing wells would then be drilled. The well in the northwest cor- 
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.—L[WwoO MAPS OF SAME POOL; TOP, AS ACTUALLY DEVELOPED; BOTTOM, AS 
DEVELOPMENT WOULD HAVE BEEN UNDER UNITIZATION. 
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iree es hole offsets sould not have been drilled. 

resent development as a whole has not been profitable. It is 
ted that eight leases on which wells have been drilled will not pay 
one lease is questionable, but may produce enough oil to pay out, 
leases will pay out and probably make a small profit on the invest- 
eet and one small lease has already paid out. 

Some figures have been prepared to show the estimated status of the 
Bosal. as of Jan. 28, 1930, as developed and what it might have been 
a under unitization. The figures indicate that unitization would have 
; - greatly reduced the investment and the present net production while 

% "being smaller, would have cost much less per barrel. 
. Ps } 


As DEVELOPED 


26 errr et0,000" 2, we. neds. ke $1,560,000 

ee eno investments @ $7,500 for each producing 

etre cee h ci. cals we ob opie des ec ope ee 157,500 

= Total SEIS 2 ay, eee aa aR a ocala $1,717,500 

_ Production 

Ren Ofc 4grORs bl-bp) bays. chisich ajeeunih eee deo hletel. » 

ie 160,867 net bbl, @ $1.60,.3-5.5 0-109 ene sls dees bs 1,066,987 

Operating expenses @ 20c. per bbl................ Tee eter es 

NE SRETIINT ne. ns one pawn Kse nev seer athesee 933,614 

Beebalanee LO'PAY OUL, o.oo. on cee spe eee nee's 783,886 
_ Present production: 

a Gross, 2,810 bbl.; net, 2,460 bbl................. 

Present cost per net barrel based on unretired portion 
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a EstTIMATED UNITIZED DEVELOPMENT 
Seerait Geno ae Ne, 540,000 
‘Miscellaneous investment @ $7,500 per well.......... 67,500 
moral MvestMent.. kee eee eee eee 607,500 
Production: 
4 tee ty POR D DL Fee Seas cid slieyoichr aie al Hic 02 ade wsae'd 
Bos poset DOL, @. $1.60 oo. s.o aa o:ojspepF less si sepiayn eee ee 629,685 
Operating expense @ 20 c. per bbl................ 78,710 
MEMES etre Pe ec siccdlee a eager ce atee sees 550,975 
MM aiance t6 PAY OUb..... ur. ei nsec ee cc ee ee ees e eee 56,525 
Present production: 


Grossv2r bbl» net, 686 DDI te a. a dee 
Present cost per net barrel based on unretired portion 
Rees tEM CMU maar scr ee carrie lec ayele eros la ee» $ 89 
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Unit parities and Unitization in porters A 
and New Mexico 


Bye e His Lauzn,* Dauuas, TEXAS 


(New York Meeting, February, 1930) 


QuEsTIoNNAIRES and special letters soliciting information were 
sent to a great many geologists, petroleum engineers, independent 
operators, and representatives of large companies in Arkansas, Louisiana, 
Texas and New Mexico. Replies to more than 50 per cent. of these 
letters were received. A survey of the facts and opinions presented in 
this correspondence will be made a little later, but first some of the general 
aspects of the problem will be reviewed. 

By “unit operation,”! we mean the development and operation 
of a single entire pool, or reservoir, of petroleum by one management, ona — 
systematic and scientific plan which is best calculated ultimately to ‘ 
extract from the pay sand and bring to the surface of the ground the 
largest possible amount of oil with the greatest possible total profit. 

No one, as far as the author has been able to ascertain, denies the ~ 
advantages, both scientific and practical, of unit operation. All are 
agreed that it is soundin theory. It permits the proper distribution of 
wells, which should always be spaced on the ground according to a regular 
geometric plan with the intention of maintaining the same spacing all the _ 
way down and into the pay sand, or pay sands. This spacing will be 
different for different fields, depending on such variable factors as the 
lithologic character of the pay formation, the nature of the controlling 
structure, the depth of drilling, the viscosity of the oil, and soon. From 
the viewpoint of engineering practice, as applied to economical extraction _ 
of oil A there is no more important consideration than well spacing —well 
spacing in the pay formation, and not merely on the surface’ of the ground 
—for the method of well! ‘spacing has a direct bearing upon all such engineer- 

— ing practices as pressure control, repressuring by gas, the water drive, and 
so on. 

H. C. Miller? summarized the advantages of an ideal cooperative 
development plan as follows: “Among the more important advantages of 


Se a 


18ee I. L. Dunn and J. O. Lewis: Advantages of Unit Operation in New Pools. 
Petroleum Development and Technology in 1926, A. I. M. E. (1927). 


2H. C. Miller: Function of Natural Gas in the Production of Oil. Amer. Petr. ag 
Inst. (1929) 253. 


* Chief Geologist, Sun Oil Co. a 
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an ideal cooperative development plan, with particular reference to 


proper utilization of reservoir gas energy, are the following: (1) a carefully 


planned development program is made possible, by which unnecessary 


_ offsets, too close spacing, and other evils of competitive drilling may be 


avoided; (2) overproduction in any one area is prevented, making prora- 


tion or shutting in of production easily accomplished; (3) the shutting 


in of wells which have excessively high gas-oil ratios is made possible, 


the application of gas injection processes can be made at the best points 


without regard to lease boundaries, and uniform pressure control can be 
exerted without danger of loss of production; (4) exchange of information 
is facilitated and the most efficient engineering control is made possible 
at moderate cost. Aside from the advantages directly concerned with 


ie the conservation of reservoir gas energy it will (5) make possible the reduc- 
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tion of overhead and operating costs through the reduction of personnel 

and elimination of duplication of equipment; and (6) facilitate repair 

work on wells and means to combat water encroachment.”’ 
Existinc Units anp Near UNITS 


In the south Mid-Continent area, including the states of Arkansas, 


Louisiana, Texas and New Mexico, there are many examples of blocks 


of leases, or of single large leases, held and operated by a single company. 
From the technical point of view these may be unit operations, but they 
do not involve the same difficulties of cooperation which affect blocks 


of multiple lease ownership. The principal obstacle to unit operation 


of blocks held by one lessee is encountered where the leased acreage 
includes many royalty and fee ownerships. 

No pertinent data relating to the economic aspects of unit operation 
of blocks under lease to one company have been secured. This is chiefly 
because so few such blocks have been drilled that comparative cost and 
profit figures are not available. 

In regard to unit operation of blocks held by two or more lessees, 
let us consider the four states in order. In Arkansas two such unit 
operations were reported. In one case the leases, which total over 
1100 acres, are checkerboarded over a structure in tracts of from 10 


- to 80 acres. They are owned by two companies on a 50-50 basis. One 


of these companies has done all the drilling. In the other case a solid 
block of 920 acres, at first leased separately to six companies, was unitized 
for the drilling of a test well, which proved to be dry. One of the six 
companies was elected as operator to drill the well, and all six contributed 
toward the cost in proportion to the size of their respective original hold- 
ings. After the test was abandoned as a dry hole, the joint operation was 
dissolved. In neither of these cases was any difficulty experienced in 
bringing about the mutual agreement or in carrying out the 


drilling program. 
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Efforts have hee onal to unitize the Richi 
but without complete success. ae oe 

In the Gulf Coast district of Louisiana and oe oe n Kast 
at least 30 salt domes are partly or wholly included in blocks o 
in which two or three companies participate. On several of these dr 
is in progress. 

In other parts of Texas there are many small blocks and severa i 
large blocks ‘n which unit operation has been carried on successfully. a 
Important among these are the Comanche block, in Comanche County, 
comprising 33,000 acres owned by 10 participants; the two Overall — 
blocks in Coleman County, one consisting of 328 acres and owned by 
five lessees, and the other consisting of 2057 acres and owned by five — 
lessees; a unit operation in south Ector County, in which there are three 
participating companies; a block of 10,000 acres in Andrews County, 
with three companies participating; a block of 10,000 acres in Kent 
County, with four companies participating; and a block of 9 square miles 
in Loving County owned by five companies. On all of these drilling has 
been, or is, in progress. 

In southeastern New Mexico there is no unit operation. One attempt 
failed because of special drilling obligations. An effort among the oper- 
ators to bring about curtailment of drilling in the Hobbs area, in Lea 
County, was abandoned after notice was served by the Commissioner of 
Public Lands that ‘‘so long as this state (New Mexico) produces but 
a small part of its consumption, no scheme of prorating or shutting in 
could properly apply.’ 

A few of the outstanding examples of unitization and proration in 
Texas should be considered in more detail, chiefly from the point of view 
of organizing the cooperative program. In this connection unit opera- 
tions on lease blocks in which only one or two concerns participate are 
not of particular interest. ~ 

Probably the oldest unit operation in the part of Texas outside of 
the Gulf Coast was on the larger Overall block in Coleman County, 
which is described by H. H. King* as follows: 


The pooling of acreage for development by one field organization . . . originated 
through the efforts of the owners of the discovery well to have an understanding with : 
offset lease owners regarding the spacing of wells and the conservation of gas pressure 
on the sands. M. G. Cheney, Fort Worth geologist and operator, Continental Oil 
Co, and the Anzac Oil Corpn., opened the field through the completion of their 
M. T. Overall 1-C, located on the west line of sec. 12,0. W. Watson survey. Cheney, 
president of the atte concern, conceived the idea et the acreage pool through having 


3 Oil Weekly (Nov. 1, 1929) 24. 


4H. H. King: Unit Operation Plan Gains Wide Acceptance in Texas. Oil Weekly 
(Dec. 18, 1929) 58. 
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just previously attended a meeting of petroleum engineers that brought out the 


advantages of unitization. Support of several near-by lease owners was gained by 
_ Cheney, and the latter cooperated in selling the idea to the owners of other leases that 
were desired to be included. 


Four companies taking part in this unit plan contributed 2057 acres of surrounding 
leases to the pool in late March, 1928, with the percentage of ownership in the entire 


block distributed as follows: Cheney-Anzac interests and the Continental Oil Co., 


3644 per cent. each; Mid-West Exploration Co., 18 per cent., and Humble Oil & 


_ Refining Co., 9 per cent. Since the former two interests contributed an oil pro- 


ducer and two completed gas wells along with their acreage, it was necessary to 
appoint a committee to equalize the value of the various properties and fix the per- 
centage interest of each member by a per acre ratio. The owners of the discovery 
well and gas wells were reimbursed for previous expenditures. 

Continental Oil Co. was elected to operate the properties, assisted by a com- 
mittee to dictate the development policy . . . any member of the plan has the 
right to consume its own share of the production. 


The second Overall unit plan, covering 328 acres, was organized for 
exploration work on a group of short-time leases that were considered 
doubtful for production, but which were subsequently proved to be 
prolific. This is mentioned primarily to emphasize the inducement for 
unitization. Not infrequently willingness among the operators to 
unitize their holdings has been intensified either by the fact that none 
of them feel justified in shouldering the entire cost of a test well under 
the known geological conditions, or by the fact that leases other than 
the tract on which the first well is drilled will expire before a second well 
can be drilled in the event that the first well is a producer. 

The Comanche block is worthy of special notice because of its size 
(33,000 acres), the number of participants (10), the entire absence of 
commissions, and because of the low cost of the project as a whole. The 
10 interests subscribed $4000 each for an undivided 10 per cent. share in 
the block, making sufficient capital to pay off on the leases. For each 
test drilled, $2000 is to be subscribed by each member. The tests are 
to be drilled, and a third at the option of the Committee, which includes 
a representative of each participating company. One of the participants 
was elected Operator. It is the duty of the Committee to govern the 
operations, acting in an executive capacity. It is the duty of the Opera- 
tor to carry out the practical details of management and development. 
Each member of the plan will be privileged to consume its tenth of 
any oil or gas produced. 

An important unit operation now in progress is the Van project in 
Van Zandt County, East Texas.’ In this case, as in the larger Overall 
project, consummation of the plan was brought about in order to system- 
atize drilling and production through a cooperation plan of well spacing 


5 Oil Weekly (Nov. 8, 1929) 30; (Nov. 29, 1929) 71; also Natl. Petr. News (Nov. 20, 
1929) 51. 
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and gas conservation. The plan rp solic | blo 
acres which has been outlined as closely as possible, 
land lines, in conformity with the shallow subsurface ct 
on scattered core-hole data. Within this block, the acreage holdings 
such that the five participating companies own the following fra 
of the whole, respectively: 81.70, 7.75, 4.51, 3.57 and 2.47 per 
The company having the major interest is operating the property. 
five participants will share in costs and profits on the basis of their fra : 
tional interests. For a time these interests will be tentatively based on 
the amount of acreage originally held by each company, but after ther ere 
has been time to accumulate data for constructing satisfactory production 
decline curves, readjustment of this schedule will be made, based on the 
ratio of estimated ultimate productivity of the leases owned by each 
party to the estimated ultimate recovery of all the leases in the block, and ~ 
readjustment of costs and profits will be retroactive to the beginning on 
the new schedule. In this manner the owners of the more productive © 
leases will in the end reap proportionally greater profits per acre than the 
owners of the less productive leases. In other words, the parties will — 
benefit in proportion to the more or less fortunate position of their leases — 
in the pool. By this method one of the objections often raised to unitiza- 
tion is removed, the objection that pro rata distribution of profits based 
only on acreage may reduce the income of those leaseholders who own 
the most productive tracts. 

Another point worthy of note is that the Van unit plan concerns the 
pay horizons covered in the agreement. The present operation relates | 
particularly to the Woodbine sand, but not to pay zones which lie below | 
the base of the Upper Cretaceous, 7. e., below the Woodbine formation. 
If oil is discovered in paying quantities below the base of the Upper 
Cretaceous, it is to be developed entirely independently of the upper oil 


pays, as if it occurred in a separate oil field, but the operations for produc- - 
ing such deeper oil are to be governed after the same manner as those ; 
for the Woodbine oil. a 

For the final systematic development of the pool, a regular well 
spacing has been planned, with one well to approximately every 5 acres. ¥ 


From the total number of proposed locations, those are selected for the 
first campaign of drilling which seem best adapted to test the many : 
leases, with one well and in a few instances two or three wells to each 

fee ownership. These locations are chosen in pairs of offsets, rather 
than as single inside locations, and the pairs are distributed over the 
block as uniformly as possible. 

The whole endeavor in the Van agreement has been to make an 
equitable arrangement for all those concerned, operating companies, 
land owners, and royalty owners, alike, and, at the same time, to control 
production by a systematic method development, and thus make larger 
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“The tne interesting example of proration in Texas is that of the 
- Yates pool, in Pecos County,® which extends over about 16,000 acres, and 
' is leased to 17 operators. In December, 1929, there were about 350 
_ producing wells with a total potential daily capacity between 1,500,000 

to 2,500,000 bbl., but with a total daily capacity restricted to 136,000 
_ bbl. Potential capacities of individual wells range from 25 bbl. per day 
to 8530 bbl. perhour. The state of Texas holds an interest in the mineral 
_ rights under some of the leases and requires that offsets be drilled to all 
_ wells within 1000 ft. of the boundaries of these leases. The following is 
- quoted from a letter: 


From Oct. 1, 1927 to Jan. 1, 1928, the oil runs were prorated according to the total 
potential capacity of all wells that the several operators had in the field. Potential 
capacity of the wells was measured by one hour’s open flow gage. All oil run to 
storage by an operator was deducted from his daily allowable run. 

It was proposed to limit drilling to one well per 40-acre unit when this plan was 
: adopted, but fear of litigation, arising out of the oat tant laws, led to rejection of 
this limiting clause. 

_' This plan put a premium on drilling, especially in the areas with high productive 
capacity, and it soon became apparent that the proration plan would have to be 
changed to correct this fault. 

From Jan. 1 to Aug. 1, 1928, the oil runs were prorated according to total acreage 
held by the several operators within the limits of proved acreage, as determined by a 

__ consulting geologist employed by the proration committee for this purpose. A few 
_ arbitrary adjustments were made to compensate operators, all of whose acreage had 
much higher potential than the average potential of the field; but serious discrepancies 
developed under this arrangement. 

The following plan was agreed upon, in August, 1928, and is still in operation: 
Each operator’s acreage is divided into 100-acre units; 25 per cent. of the oil run is 
prorated according to acreage and 75 per cent. according to the average potential of 
all the wells on the unit. Each unit must produce all the oil allocated to it and the 
offset wells of neighboring operators are produced ratably to their potentials. 

At the invitation of the operators, the State Railroad Commission issued an order 

_placing the field under proration according to this plan and the proration is admin- 
istered by the Commission. The proration plan and the details of operation were 
worked out by a committee of the operators. 

Except for two areas where closer spacing of wells resulted under the first pro- 
ration plan, the average spacing is about one well to 55)4 acres. This spacing and 
the present rate of production appear to be satisfactory for the greater part of the 
field. ‘There has been no appreciable change in the open flow potential of the wells 
and in the rock pressure in the more porous, or more permeable, area. This indicates 

| that here the oil is being replaced by water at the edges as rapidly as the oil is with- 
4 drawn. In other words, the oil is here produced under hydrostatic control. There is 
; no evidence of uneven advance of the edge water. 


? 
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6 Oil & Gas Jnl. (May 24, 1928) 34; (June 28, 1928) 47; also Natl. Petr. News 
(June 27, 1928). An excellent summary on unitization was printed by the Oil 
Weekly (Dec. 7, 1928) 51-86. 


Under unit operation... sfahaneedial of oil oil wor 
distributed . . . than they are now, but there wo c 
respect. The present distribution of the withdrawals are 
satisfactory from an engineering point of view. Eventually 
more wells to drain it properly. 

One rather serious feature, which would be eliminated under ae 
making of periodic open flow tests to govern proration readjustments. “ 
corrected under the proration. A committee of company engineers has condue 
tests for some time and has worked out a method for determining the pote 
capacity of wells under restricted flow, which appears to be more equable than the e 
open flow test. : 

I have discussed the operation of the Yates field under the proration agreement 
at some length because this is the outstanding example of successful operation under | 
such an agreement. The fact that the phenomenal productive capacity of the wells — 
forced the operators into an agreement to avoid disaster, does not detract from ie : 
credit due them for their diligent and enlightened effort to arrive at an equitable plan — 
for dividing the outlet to which all could subscribe. They deserve especial com- 
mendation for their efforts to hold the rate of production at so low a figure. Because 
of this agreement the Yates field is yielding higher returns on the money invested 
than any other field in the country and will continue to do so for a long time. This 
is in marked contrast to some other West Texas fields where proration was applied in 
a rather half-hearted manner. 


In the Hendricks pool in Winkler County, in the Chalk-Roberts 
pool in Howard and Glasscock counties, in the Darst Creek pool in 
Guadalupe County, and in the Bowers-Finley area in Gray County, all 
in Texas, proration agreements are in effect for curtailing production. 
These plans cannot be described here.’? One correspondent, a member of 
the proration committee for the Chalk-Roberts pool, says: “Our proration 
committee functioned from the time that the first competitive operations — 
began but the initial well had produced for a few weeks prior to that 
time. The results were very satisfactory from the standpoint of the 
individual operators and we were able to quiet opposition to our various 
plans long enough to demonstrate their value. One of the greatest 
difficulties that we encountered resulted from the fact that many of 
the individual operators were suspicious of their larger and stronger 
neighbors. However, I can say positively that these suspicions were 
not justified by subsequent experience. ”’ 


OPINIONS FOR AND AGAINST Unit OPERATION 


4 ef ia 
eng aes aS 8 


Some of the objections to proration are (1) that there is no power 
to enforce adherence to the agreement; (2) that certain companies may 
have to fulfill oil delivery contracts; (3) that there is fear of future law- 
suits based on the law concerning agreements in restraint of trade; 

(4) that injury to the wells may result from the required methods of 


7 See various articles in the trade journals, especially Oil Weekly, Oil & Gas Jnl. 
and Natl. Petr. News. 
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gaging and handling; (5) that certain buyers of crude may prefer the 
oil from one field rather than the oil from other fields. ‘However effec- 
tive the proration method may be,” writes Robert E. Allen,’ “it serves only 
to alleviate an unsound and dangerous condition, which under our present 

- system of development may recur at any time the hand of control relaxes. 
. . . Only two fundamental plans for the permanent betterment of the 
industry have been presented. One plan provides for government regula- 
tion and control, which needs no comment; and the other calls for unit 
operation, or, as it may be called, unit cooperation. ”’ 

Unit operation appears to be working well in several localities in 
Texas, but a majority of the participants are major companies. From 
the smaller independent operators various objections are raised. We 
should take cognizance of their attitude and in all attempts at unitization 

we should try to be absolutely fair. Following are some of the opinions 
4 expressed in reply to a letter which was sent to 40 or 50 independ- 
ent operators: 

All independent operators and officials of small companies agree 
that the unit plan will not work out in practice. It will inevitably elimi- 
nate these operators. The independent, if he strikes oil, and has leases to 
sell, can obtain more money for his leases than for a small undivided 
y interest in a large block. He can drill more cheaply than a big company, 
___ because his overhead is relatively small. He will have no control over 
__ operations, He may be forced to postpone development, if the major 
4 interests so vote, or he may be forced to contribute his share toward 
q 
e 
J 
; 

; 
: 


expenses possibly at times when he cannot afford to do so. He must 
relinquish his independence. ; 

On the other side, we would point out that the independent operator 
gains several important advantages in unit plan development, not the 
least of which are the more certain market available for the oil, the larger 
ultimate profits, and the opportunity to benefit by the experience of the 

trained technical and production departments of the larger com- 
panies participating. 
Not all the independent operators have misgivings about the practi- 
- _ eability of unit operation. In fact those who are most apprehensive are 
those who have not given it a trial M. G. Cheney, an independent 
operator, who has participated in at least three unit operations, expressed 
himself in this way: “Our experience has been very satisfactory and I 
highly endorse the movement.’ Another independent operator 
wrote thus: 


From an engineering standpoint, there is such a terrific waste in such fields by 
reason of drilling excessive wells to protect offsetting lines and with ensuing loss of oil 
by careless and greedy drilling, that it seems that the operators with even a fair degree 


8 Oil Weekly (Feb. 7, 1930) 25. 


There are many  diflorent ah ia toa pra ih kin 
approached in a broad fonerots way with due regard for the rights 


We all want to play fair and allow everybody to haven 
tunity. No one will deny that many complications arise, and it 
through practice in modelling agreements and experience 
operations under these agreements that we can gradually 
best methods for all concerned.® 


~~ i 


9 Fos an outline of a model form of contract for unit cparseoiee see Natl. Pe 
News (July 4, nile) 84, ; 
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Study of Unitization in the Rocky Mountain Region 


By F. E. Woop,* Casper, WYomina 


New York Meeting, February, 1930) 


Since the earliest discoveries of oil in the Rocky Mountain area the 
spirit of cooperation in drilling and production programs has prevailed. 
There has scarcely been a field which has not been developed in an orderly 
manner through mutual agreement between competitive operators. An 


_ appreciable saving has resulted, as many unnecessary wells have been 


eliminated. We have unit operation plans and agreements which were 
developed at an early date. Rock River, found in 1918, has been a unit 
operation. One of the first prorate agreements ever attempted was made 
in Salt Creek in 1921. Teapot, first developed in 1922, has been a unit 


__ operation; the lessee, the Government, and the lessor, one operator. 


South Casper Creek, found in 1918, has been developed as a unit. Rex 
Lake, found in 1923, is a unit operation. The list might be extended 
materially but it serves to indicate that the Rocky Mountain region 
enjoyed the fruits of unit operation at an early date. 

It is concluded from this unitization study in the Rocky Mountain 
region that there is an appreciable saving in both development and pro- 
duction costs as well as the elimination of waste of a natural resource. 
Certainly, when unit operation conserves an irreplaceable natural resource 
as well as capital, any legal or political impediment to its successful 
development will be overcome. 

If one company supervises the operations in one field, it appears to be 
a unit operation. This may not be true if the lands involved have been 
leased from a great number of lessors. Royalty holders create a most 
intense competitive operation. The Rocky Mountain region has its 
full quota of such diversified interests. 

The original study calls for consideration of two types of fields, 
unit and near-unit operation. This Committee has felt that if an 
agreement of any character has brought about a saving it is an approach 
to unit operation. The fields have been classified into four types: 

1. Unit Operation—Any field whereby the competitive drilling- 
drainage feature is or will be absent in the development and operation 


of the pool. 


* Petroleum Engineer, Midwest Refining Co. 
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drainage feature is or will be reduced or Saieee in the d velo 
and operation of the pool. te 

3. Cooperative Agreements—Any agreement whereby pacdaeion 
prorated, expenses pooled, drilling programs mutually curtailed, 7 
so forth. ene 

4. Undeveloped Fields. —Any plan which is in progress whereby 
‘undeveloped or partly developed fields will be unit or near-unit operations. _ 

In the Rocky Mountain region the Committee has endeavored to 
evaluate the savings in development and production costs. No effort 
has been made to estimate increased ultimate recoveries. It is our 
belief that in so far as the Rocky Mountain region is concerned unit 
operation should be justified through tangible savings rather than the 
uncertainties of additional barrels of oil. The interpretation of amount 
of increased ultimate recovery is often a subject of much gee 
Savings in well and production costs can not be disputed. 

To evaluate savings in development and production through unit 
or near-unit operation, there should be a change from competitive to 
unit operation or vice versa during the life of the field; or at least the 
drilling of wells under unit operation should be complete. If these 
conditions do not exist, evaluation of the savings in drilling and production 
costs may be based on erroneous and unwarranted assumptions. The 
Committee has not felt justified in evaluating such savings in the near- 
unit operation fields, with the exception of Salt Creek. 

Savings effected by unit operation for production and development 
costs alone are: 


Rock Rivef)ais tas 0 {el sameay $8000, 000-0 Rem Lakers Sea tensaenes ~$ 500,000 
South Baxter Basin......... 1,716,000; Salt. Creek2 vac. ny Seka eee 11,650,000 
North Baxter Basin......... 272,000 Little Buffalo Basin........ 400,000 e 
Elia wath ce ccna cihoth home ns 714,000 Total sacs s,s ne $20,752,000 ; 
These do not include such savings as reduction in general overhead, 
field and general office management, elimination of need for increased * 
pipe lines and storage facilities, and gas plants to care for peak produc- iy 
tion, etc. These savings definitely prove that unit or near-unit 3 


operation is highly profitable whether or not there is an increase in ulti- 
mate recovery. 

Without giving details, typical agreements applying to Rocky 
Mountain fields follow: 

1. Full unit agreement wherein the owner is a single operator and the 
lessor a single royalty holder permitting a development and production 
program according to technical and not land requirements. 

2. A field wherein one operator controls a large block in a field and 
the royalty interests have been consolidated. 
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_ 3. Working agreements where one operator Bpeiaten all or a large 
portion of a field under a contract, the contract reading that the operation 
is on a cost plus basis or that the operator pay a special contract price 
to the lessor for the crude. 
4, Agreements to limit production to an agreed percentage of the 

- potential or to shut it in altogether. 

5. Agreements to limit drilling. 

6. Agreements to share expenses in operation of gas drive projects. 

7. Agreements in form of community leases whereby royalties are 
computed from production in large blocks comprised of a number of 
small leases. 

Unit OPERATION FIELDS 


Wyoming 

Salt Creek.—There are 2131 oil wells; daily average production, 31,000 bbl.; 
operators, 31. It is estimated that the saving in wells and lifting cost amounts to 
$11,650,000. See detailed report. 

2 Rock River.—Oil wells, 63; daily average production, 2100 bbl.; operators, 1; 
4 estimated saving in wells and lifting cost, $5,500,000. See detailed report. 

4 Teapot.—Oil wells, 60; production, shut in; operators, 1; saving, not evaluated. 
Information not available. 

South Baxter Basin.—Gas wells, 9; production, not available; operators, 2; esti- 
mated saving, $1,716, 000. See detailed report. 

North Baxter Basin.—Gas wells, 2; production, not available; operators, 2; esti- 
mated saving, $272,000. See detailed report. 

Hiawatha.—Gas wells, 6; production, not available; operators, 2; estimated 
saving, $714,000. See detailed report. 

Rex Lake.—Oil wells, 4; daily average production, 80 bbl.; operators, 1; estimated 
saving, $500,000. See detailed report. 

South Dome, South Casper Creek.—Oil wells, 29; daily average production, 1100 
bbl.; operators, 1; saving, not evaluated. One company and one royalty holder are 
involved. The saving in this field has been primarily that of eliminating duplication 
of camps and management. 

Boone Dome.—Gas wells, 5; production, not available; operators, 1; saving, not 
evaluated. Small gas-bearing structure operated by one company. This has not 
been evaluated because of its unimportance. 

Hatfield—Gas wells, 3; production, not available; operators, 1; saving, not 
evaluated. Small gas-bearing structure operated by one company. This has not 
been evaluated because of its unimportance. 

Little Buffalo Basin.—Gas wells, 7; production, not available; operators, 3; 
estimated saving, $275,000. Operated as a unit. Production and royalties are 
computed using the percentage each owner’s interest bears to total productive acreage. 
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Montana 


Soap Creek.—Oil wells, 2; production, shut in; operators, 1; saving, not evaluated. 
Only two wells have been drilled on this structure. It is owned by one company 
and leased from one lessor. The saving cannot be intelligently evaluated at this time. 


New Mexico 


Hogback (by K. B. Nowels).—Oil wells, 7; daily average production, 500 bbl.; 
operators, 1; estimated saving, $80,000. This is a unit operation consisting of one 


fe fc Manes eee Grille ; 

tively developed. Field i is produced 1 I 

water under pressure. Field may be shut 1 L a 
Rattlesnake (by K. B. Nowels).—Oil wells, 135: daily @ proc u 

operators, 1; saving, not evaluated. This is a field leased by the Government to on ae 

operator. Tt has not been competitively developed and appreciable saving hae 

effected in number of wells drilled. As recently a new sand has been proved productive 

it has not been considered advisable to evaluate saving in wells and production cost. 
“Table Mesa.—Oil wells, 6; daily average production, 110 bbl.; saving, notevalu- 

ated. This has been a one-company field and has not been completely developed. 

Until it has been fully drilled it is impossible to estimate saving in drilling and produc- 

tion costs. 


NEAR-UNIT OPERATION FIELDS 


Wyoming os 

Big Sand Draw.—Gas wells, 11; production, not available; operators, 1. This — 4 
field is a unit operation developed after the field had been drilled. A large portion 
of the field was developed for drainage purposes although a few wells were drilled — 

; on account of competitive lease holdings. 

Wertz.—Gas wells, 6; production, not available; operators, 1. 

Mahoney.—Gas wells, 18; production, not available; operators, 4 3 

Ferris.—Gas wells, 7 (production not available); oil wells, 12 (daily average 
production, 60 bbl.); operators, 1. The Wertz, Mahoney and Ferris fields are gas 
producers and are prorated into gas lines. 

Billy Creek.—Wells, 7; production, shut in; operators, 1. Wells were drilled 
to protect different royalty interests but field was exploited largely according. to 
geology. This is a gas field and has not been produced. 

Golden Eagle.—Gas wells, 2; production, not available; operators, 1. One company 
has operated the gas wells in this field with a great saving in development cost. 

Little Grass Creek.—Gas wells, 2; production, not available; operators, 1. This 
is a gas field with two gas wells which have been shut in awaiting a market. 

Black Mountain (by John G. Bartram).—Oil wells, 6; production, shut in; opera~- 
tors, 1. One company operates this field, which is competitively owned but will not 
be developed by offset drilling. 

Hudson.—Oii wells, 35; daily average production, 300 bbl.; operators Le eOas ; 
produced as needed from this field and only necessary wells inn drainage purposes a 
have been drilled. The unit operation applies only to the Tensleep sand, the Embar 
formation being competitively operated. 

Hidden Dome.—Gas wells, 6; production, not available; operators, 1. See 
detailed report. 


Dallas-Derby.— Oil wells, 42; daily average production, 180 bbl.; ; operators, 1. 


‘ 


Dallas is owned by a single ntecaton and has been leased from one lean creating an 4 
ideal arrangement. Derby is not so fortunate in that the royalty interests - 
are diversified. : 


Simpson Ridge.—Oil wells, 7; daily average production, 40 bbl.; ; operators, 1. 
This is a small field operated by one company. 

Lost Soldier.—Oil wells, 74; daily average production, 3000 bbl.; operators, 4. 
There are four competitive opoimton in this field, one of which controls a large portion 
permitting a type of near-unit production program in the sands which have been 
competitively drilled. Lower horizons have been developed within recent years 
entirely within the acreage of the principal operator, which has made it possible to 
develop these newly found horizons according to unit programs. 
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ail kt Pe Colorado 
_ Wellington.—Oil wells, 22; daily average production, 1400 bbl.; operators, 1. 


_ One operator has developed and produced the field. This field has a free gas area 


on top and a ring of oil surrounding it. Only small amounts of gas have been 


_ taken from the top to satisfy royalty holders, thus making it of the near-unit type _ 


rather than the unit type. There has been a saving in drilling costs but the develop- 


ment has been largely competitive. 


Fort Collins.—Oil wells, 15; daily average production, 350 bbl.; operators, 1. 


q _ This field is operated by one company; although it has been leased from a number of 


lessors who have demanded competitive development, there has been a reduction in 
the number of wells required resulting from the one-company operation. 

Tow Creek.—Oil wells, 14; daily average production, 450 bbl.; operators, 1. This 
field is operated by one company and consists largely of shale production. There — 
has been a saving in the number of wells drilled over competitive operation but this 

_ Saving is difficult to evaluate. 

Moffatt.—Oil wells, 12; daily average production, 1000 bbl.; operators, 1. One 
company operates this field in its entirety. It has been drilled and produced with 
a saving, primarily due to the single management. 


Montana 
Bowes.—Gas wells, 7; production, not available; operators, 2. This is a gas 
field made up of large community blocks wherein the royalty holders have pooled their 
interests based on their respective acreage holdings. 


Utah 
Cisco (by C. M. Rath).—Gas wells, 10; production, not available; operators, 1. 
This is a gas field now operated by one company which has shown appreciable saving 
because of the small number of wells drilled. 


New Mexico 
Ute (by C. E. Dobbin).—Gas wells, 3; daily average production, 1,000,000 cu. ft.; 
operators, 1. This field is still undeveloped but in view of agreements now existing 
will undoubtedly be a unit type of operation. 


DEVELOPED Fretps WHERE THERE ARE COOPERATIVE AGREEMENTS 


Wyoming 

Mule Creek.—Oil wells, 42; daily average production, 500; operators, 3. Produc- 
tion is prorated as occasion demands. It is usually shut in during winter months on 
account of high cost of operation. 

Big Muddy.—Oil wells, 171; daily average production, 2000 bbl.; operators, 4. 
Production has been prorated in the past. There are a number of agreements wherein 
land is operated on a cost-plus basis thus increasing the acreage under the super- 
vision of one company. 

Grass Creek.—Oil wells, 327; daily average production, 2000 bbl.; operators, 2. 
Two principal operators. Two horizons produce green and black oil. Green oil has 
been prorated and black oil now shut in awaiting market. 

Maverick Springs——Oil wells, 30; production, shut in; operators, 4. This field 
has been shut in for a number of years awaiting a market. 

Elk Basin.—Oil wells, 145; daily average production, 700 bbl.; operators, 4. 
Three operators in this field have agreed upon a gas-drive program wherein the expense 
is prorated on the basis of the wells operated in the horizon receiving the benefit of 


injected gas. 


Hamilton Dome.—Oil wells, 27; daily average pr 780 bbl 
Production is prorated in Hamilton dome depending upon th market. 
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Pondera.—Oil wells, 125; daily average production, 2500 bbl.; operators, 14, , 
Production is prorated in Pondera depending upon the market. ae 


Prospective Unit or NEar-uNIT OPERATIONS - 


The following undeveloped or partly developed fields will be operated as unit or ~ 
near-unit operations when negotiations are completed. 


Wyoming: Montana: 
Enos Creek, proved for gas Mifflin 
Midway Freedom 
Sunshine, oil me Bears Den 
Fourbear, oil Colorado: 
Idaho: Fort Morgan 
Bald Mountain Dome Model, helium 


Many of these fields have not been developed. In none of them are the productive 
limits known. Negotiations are in the making and hence details of the types of 
agreements are not available. 


Unit Operation in Salt Creek Field 
By Rocxy Mountain A. I. M. E. Unirization ComMMItTtTER 


Tuts is a brief account of the history of unit operation in the Salt 
Creek field, Wyoming, from the time of the agreement to prorate produc- 
tion in March, 1921, to the present. An attempt has been made to 
evaluate the savings in development and production costs resulting from 
the unit plans adopted. Summarized, these savings have amounted 
to $11,650,000. No effort has been made to estimate any increase in 
ultimate recovery, for it is believed that unit operation can be justified 
on saving in development and production costs alone. It would require 
nearly 20,000,000 barrels of additional oil to be produced in order to 
return the amount saved by not drilling unnecessary wells. 

Four horizons are affected by unit or near-unit programs, as follows: 


1 P : : 
Horizon Re ho Beas 
Hirst Wall’Creektnack cde ooo eee ee 3,320 1908 
Second. Wall'Creek tence ne eee ee c. 20,000 1917 
Lakota. ccc save eee 2,000 1921 
Third Sundance... .:.. sce eee 500 1926 
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The principal operator is under contract with six companies to operate 


10,400 acres. This includes all of the productive area of the First Wall». a 
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Creek, Lakota, and Third Sundance and a little over 50 per cent. of the 
area of the Second Wall Creek. Nearly 40 companies operate the remain- 


ing 9600 acres of the Second Wall Creek. 

In the First Wall Creek sand, there have been four wells drilled to 
each 40 acres. This degree of development has shown economic drainage. 
If this sand had been developed under competitive operation more wells 
would have been required. As a result of the single company develop- 
ment, there has been a saving but it has not been evaluated in this report. 

In 1921 there was insufficient pipe line capacity to market the poten- 
tial production developed in the Salt Creek field. While the Lakota 
sand was known to contain oil, only the First and Second Wall Creek 
sands had been developed at that time. By mutual agreement the 
operators prorated the production. The outcome was the appoint- 
ment, in September, 1922, of a conservation committee empowered to 
restrict drilling and prorate production. The membership of the com- 
mittee was composed of selected representatives of operators in the field. 

Only wells required to fulfill lease obligations were approved for 
completion and production by the conservation committee. At first the 
percentage of prorate was fixed at 65 per cent. As occasion demanded 
the wells were tested and a prorate percentage applied to satisfy current 
requirements. The prorates throughout the life of the conservation 
committee follow: 


Percentage of Percentage of 

Potential Potential 

Produced Produced 
NUE pa] doa Lop EAS 65 INOVe LOL O22 eee = eee 40 
BEPADIS Op VOD SL os ord oe 75 Nidan LlOZS a ee pela 20 
BE VEAVacoe ye OD ore ts. fais =p gi alls 60 Jenieal Gib O23 eines gaye nee 34 
ivbst =e ho) ee a ey 30-35 PCAN SOs LOS ees eral ac au - 65 
EI oat 2S ay el Re serene 40 INOVi ls L923 ctenerciein loiter: 34 
Pagel 2 Adee owt. ss. 30 1) a lak Js ee ee ae 100 


By Dee. 1, 1923, pipe lines had been laid with sufficient capacity to 
handle the production of the field therefore the committee was dis- 
continued. There were 685 wells in the Second Wall Creek sand. 
Immediately after abandonment of the conservation committee all 
companies started drilling campaigns. During the following year nearly 
500 wells were completed. These campaigns continued for nearly three 
years, until the total of 685 wells was increased to 1600 wells in the Second 
Wall Creek sand. 

The policy adopted by the principal operating company was to 
offset all wells of other companies and to drill the inside acreage only in 


- accord with the needs of drainage. The development of this company’s 
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properties averages four wells to each 40 ac ee Asa eoeale of ¢ com iti 
operation the other companies, with the exception of an area known to k 
barren of oil, have drilled an average of 5.5 wells per 40 acres. Four wells — 
to each 40 acres have Souk adequate to drain economically the sand of 
its oil. Ss 
Had the Benen pee ie company been forced to drill the eer 
Wall Creek sand at the rate of 5.5 wells per 40 acres, 364 additional wells 
would have been required. These would have cost $5,460,000. Ifthese 
wells had been drilled they would have been produced at an additional ; 
cost of $2,180,000. There was, therefore, a total saving of $7,640,000. 
Each lease in the Salt Creek field shows diversified royalty and working 
interests. These were necessarily protected. Had they been merged 
by some agreement the saving would have been even greater than shown. 

In 1921 the discovery well was drilled into the Lakota sand. As 
the production was not needed the well was shut in pending the need for 
further development. The second well was drilled-into the Lakota — 
formation in 1924 and subsequent wells proved the productive acreage in 
this horizon to be within the properties operated by the largest operator. 
From previous experience it was known that the Lakota was highly porous 
and that even though the wells showed a large initial production (average 
2000 bbl. per well) it would not be necessary to develop this horizon as 
intensively as other types of sands. 

To make it possible to drill in accordance with drainage needs, 
royalties were purchased and efforts made to consolidate diversified 
interests. The result was that one well to every 22 acres has been drilled 
in this horizon. No oil was taken except for test purposes until most of 
the wells had been completed and this horizon was put on production as a 
unit. Excluding any consideration of increased ultimate production as a 
result of unit production, unit operation saved a total of 110 wells which 
would have been required had the area been owned by competitive inter- 
ests. The saving in development cost amounted to $2,750,000. The 
saving in production cost will amount to $330,000. 

Later development found oil in commercial quantities in what has 
been termed the Third Sundance. This, like the Lakota, was drilled to 
drain the sand properly and economically. One well per 22 acres will 
represent the development when the drilling program is completed. 
Like the Lakota, most of the wells in the Third Sundance were completed 
before any were produced, except for test purposes. The Third Sundance 
is flowing its production at this time under a high back-pressure and suffi- 
cient information has been developed to date to indicate that additional 
wells would be uneconomical. Under competitive operation it would 
have been necessary to drill at least 28 more wells. The saving resulting 


from unit operation has been 28 wells or $840,000 and a production 
cost of $90,000. 
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The above does not account for savings resulting from shutting 


; oil in the ground when not needed, reduction in waste of gas by avoiding 
| high peak production, elimination of need for costly storage and addi- 
tional pipe line facilities, etc. The total saving of $11,650,000, therefore, 


is a minimum figure but it serves to justify unit operation from the view- 


- point of the oil industry’s pocketbook. 


Unit Operation in the Rock River Field, Wyoming 
With notes on the Rex Lake Field, Wyoming 
By Witson B. Emery,* Casper, WYOMING 


Tur discovery well in the Rock River field, in Carbon County, 
Wyoming, came in May 1, 1918. The field is on a large anticline having 
more than 1500 ft. of closure and production is obtained from three sands 
of the Dakota group. At its peak, production approximated 10,000 
bbl. daily and is now averaging 2200 bbl. Total production to Jan. 1, 
1930, exceeded 12,500,000 barrels. 

So far as known to the writer, Rock River was the first light oil field in 
the Rocky Mountain region to be produced under what we now term 
unit operation. Though this type of operation was not popularly 
acclaimed by the oil industry, the Federal Government and the public 
until many years after the inception of development at Rock River, 
the officials of the Ohio Oil Co. when acquiring this property were fully 
cognizant of the economies to be effected by unit ownership and the con- 
sequent elimination of competitive drilling and producing of wells, and 
had this in mind at the time. Thus unit management was introduced in 
this field at an early date by this company. 


AREA AND MANAGEMENT 


Fig. 1 shows the location of all wells drilled on the Rock River struc- 
ture and the outline of the productive area as now defined, which amounts 
to 1380 acres. The hachured line indicates the area now under unit 
ownership; originally a much larger area was so owned but leases have 
been canceled as progressive development indicated their lack of oil. 

The management and operation of the entire productive area is 
handled by the Ohio Oil Co., which owns the majority working interest. 
The Continental Oil Co. with a 20 to 35 per cent. interest in much of 
this acreage, and smaller interests owned by others in some of the leases, 
constitute the remainder of the ownership. The fee rests in the State of 


* Geologist, Ohio Oil Co. 
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Wyoming and various individuals, except that one 40-acre tract is held 
under lease from the United States. Operation has been by individual 
leases but wells have been located as structure and production dictated. 


a 
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Fig. 1.—Rock River oi FIELD. 


Results of Unit Operation 


General Statement.—So much has been said and written about unitiza- 
tion that it remains only to describe the results obtained by this type of 
operation. It is upon these results, interpreted as footings of the balance 
sheet, that unitization may be termed a business success or failure, and so 
an attempt has been made below to estimate the monetary ee of this 
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_ plan as used in the Rock River field. The problem therefore has been to 


approximate what the conditions and their accompanying expenses — 
would have been under diverse ownership and operation. It is a some- 
what more difficult problem than it would be to determine what economies 
might have been effected by unit operation of a field already developed 
and produced on a competitive basis. 

The figures arrived at below are based on the fundamental assumption 
that the total gross production from this field would have been closely 
the same under competitive or unit operation. If the assumption is 
sound, and there is reason to believe it is, the figures indicate the order 
of magnitude of the saving accomplished, so far as the major expenses are 
concerned. So many factors, all interrelated, enter in the development 
and operation of an oil field that it is not practical, and probably not 
worth while in this case, to consider each item separately. 

Drilling Expense.—As shown on Fig. 1, 83 holes have been drilled on 
the Rock River structure to date. Of these, 79 were drilled within the 
area of unit operation by the operating company; 68 were productive and 
11 were dry. The three holes drilled outside of what was originally the 
unit-owned area failed to find production. A fourth hole encountered a 
showing of oil in the first sand but water in the deeper sands, and after 
two years of effort to shut off the water, is not yet a commercial well. 
This hole was drilled on a lease originally held by the Ohio Oil Co. but 
canceled when development showed the acreage to be so close to the water 
line that the company would be unwise to assume the hazard of drilling it. 

Within what is now the proved productive area of the field, an 
average of one well has been drilled to each 20.3 acres. However, along 
the west flank, where the sands are more productive than elsewhere on the 
structure, wells have been more closely spaced and the average is one to 
each 10 acres (Fig. 1). Considering that this field was discovered at a 
time when close spacing of wells was common practice in oil fields, it 
seems probable that in the absence of unit ownership and operation the 
Rock River field would have witnessed an intensive drilling campaign 
and that wells would have been located at least as close together as on the 
west flank, where production has justified the drilling of one well to 10 
acres. ‘Thus we can reasonably estimate that some 138 wells would have 
been drilled. Beyond a doubt more dry holes would have been drilled 
in outlining the producing area, so that, everything considered, we 
can safely say that development by unit operation has cost approximately 
one-half of what it would have cost under competitive ownership. At an 
average cost of $50,000 per well the saving in drilling alone amounts 
to $3,500,000. 

Certain items deserve individual mention. For example, no doubt 
there has been an intangible but nevertheless important saving in the 
orderly drilling of the field with crews familiar with the formations 
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~ from long experience, a saving that would have been absent: 
development under diverse operation. Further, the steepness 0 
structure and the cavey character of the formation made drilling difficult 
and necessitated long strings of pipe, a hazardous operatior with the a ; 
light-weight pipe used in Wyoming at the time this field was discovered. a 
It is not to be supposed that a considerable saving was not effected by © 
the Ohio Oil Co. through the introduction of heavier pipe and the con- a 
sequent reduction in expensive fishing jobs attendant upon the use of the +z 
lighter casing. True it is that the monetary value of this saving cannot 
be even roughly calculated, but there can be no doubt that it was a 
sizable sum, for under competitive development many more holes would 
have been drilled before the use of heavy casing became common practice. 
Also, there has doubtless been a further intangible saving in unit operation 
by a major company that would have been lacking had any of the pro- 
ductive acreage been developed by inexperienced promotion companies 
on a competitive basis, or by companies unfamiliar with Wyoming con- — 
\ ditions. Overhead and general expense chargeable to drilling must also 
be less under unit operation. All these savings are reflected in the cost 
of the average well as given above. 

Oil Expense.—In this section oil expense is used to cover costs directly 
incident to the actual bringing of the oil to the surface; 7.’e., lifting 
expense and such items of non-lifting expense as costs of dismantling 
wells and surface equipment. It does not include depreciation and 
depletion of wells and farms, and intangible development costs which 
must be paid out of production but are not expenses entailed in the a 
physical production of oil. General and camp expense as well as taxes 
for which production must pay are discussed under another heading. 

Under lifting expense are included the wages of foremen and pumpers, 
constituting about 30 per cent. of the total cost in the Rock River field; 
repairs to wells, 25 per cent.; surface equipment including material, 

22 per cent.; cleaning out wells, 10 per cent.; and fuel, water, incidental ~ 
supplies, and other items, 13 per cent. An increase in the number of 
wells operated to recover an equal volume of oil will proportionately 
increase some of these items while others will be affected to a smaller 
extent. For example, if it is substantially correct to think that com- 
petitive operation would have resulted in drilling twice the number of 
wells that were drilled under unit operation in the Rock River field 
it is fair to assume that the item of surface equipment in the lifting charge 
would be doubled, for in this field all wells are pumped with individual 
equipment. Similarly, it is to be expected that repairs to wells and 
cleaning out would be largely increased, though perhaps not doubled. 
Depending upon the diversity of ownership the number of foremen would 
be increased several fold but the number of pumpers would not be so 
greatly augmented, for with more wells pulling on the same amount of 
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oil they would pump off sooner and one pumper could look after a 
greater number. Perhaps 70 per cent. is a fair estimate of the increase 
of lifting expense that would have accompanied competitive operation 
in this field. This would amount to something over $2,000,000 during 
the life of the field. 

Abandonment of wells and surface equipment is the principal item 
in non-lifting expense, and this expense would increase in direct propor- 
tion to the number of wells. It is estimated that the average cost of 
abandoning a well in the Rock River field will not run under $1200, 
and if it is correct to assume that some 70 additional wells would have 
been drilled in the productive area under competitive operation, then the 
added cost of abandonment would be not less than $84,000. It might 
run as high as $100,000. Loss and damages would no doubt be larger 
with more wells and more operators but they are by their very nature so 
variable that it is not advisable even to hazard a guess as to their amount. 

Some difference in oil expense and return would have occurred had 
the field been rapidly developed under competitive operation, because a 
larger amount of flush production would have been marketed at the high 
price of oil obtaining in the early life of this pool, a price that has not 
been witnessed since. As there has always been an adequate market for 
this production, price has been influenced by the general condition of the 
oil business rather than by the local situation. Therefore it was probably 
fortunate that this pool was unit-operated during the depression of 
1921 when the price declined to 60c. per bbl., for production was curtailed, 
obviating the necessity of either producing to capacity and sacrificing 
the oil or building storage for use pending an increase in price. This 
feature alone may have approximately balanced any gain that would have 
resulted from a larger flush production under competitive development. 
It might be suggested that a larger flush production would have returned 
the investment faster, thereby reducing interest charges, but it must not 
be forgotten that to have obtained a larger production more wells would 
have been necessary and interest charges would have increased in propor- 
tion to the investment. 

Oil expense has no doubt been held down by the conservation of 
gas in the sands, accomplished by shutting in wells on top of the struc- 
ture when the gas-oil ratio becomes excessive, and by returning to the 
sands dry gas that has passed through the gasoline plant. With varied 
ownership and operation and its attendant rush to reduce oil to possession 
regardless of the dissipation of gas, which because of its propulsive force 
is the most valuable asset in the production of oil, there would have been 
little incentive to conserve gas and oil expense would have increased 
more rapidly than with unit operation. 

Other Expense-—Other large items of expense are general expense, 
camp expense and taxes. Under the Wyoming laws casing in wells is 
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not assessed but oil produced is assessed as Bo ree which ii m 


effect a production tax and constitutes the bulk of oil-field taxes. — 
it is anticipated that the amount of oil produced would be ciueceay 
the same under unit or competitive operation, the variation in taxes — 


would not be large and may be disregarded in the present consideration. _ 


On the other hand, competitive operation would greatly increase 
general and camp expense, necessitating, as it would, separate manage- 


ment, office and field forces, and camps for each operating unit. The — 


loss from such duplication and the consequent decrease in efficiency is 
not susceptible of precise calculation, but over the life of the field it 
would run into sizable figures. Perhaps an estimate of $500,000 may 
approach in magnitude the actual saving in ‘these expenses through 
unit operation. 

Intangible Benefits. Lufton nia intangible benefits of unit operation are 
reflected in the figures given for drilling, production and other expenses 
and it is perhaps desirable to point them out since otherwise they might 
escape attention. Probably the most important is the permanent nature 
of the camps, which permits better living conditions for the men and 
their families than is possible where camps are temporary. The men 
know that so long as business conditions warrant and their work is 
satisfactory they may have these advantages for themselves and families 
and consequently there is a reduction in labor turnover that in the long 
run must result in important savings through the retention of efficient 
employees over extensive periods. Of the total number of men on the 
field payroll for the first half of January, 1930, 84.7 per cent. had been 
in the continuous employ of the Ohio Oil Co. either in the Rock River 
field or elsewhere for three years or longer; 65.4 per cent. for five years 
or longer, and 21.8 per cent. for ten years or longer. 

Another intangible result of unit operation is the greater discounts 
obtained through large-scale purchases of supplies and materials for a 
whole field as compared with only the customary discounts for cash. 


where supplies are bought in smaller quantities for a single lease. Over - 


the life of the field a considerable saving will result from this item alone, 
and be reflected in the balance sheet. 
Rex Lake Freip 


The Rex Lake field in Albany County, Wyoming, was discovered 
in 1923. It has an estimated producing area of 320 acres, all of which 


is leased and operated by the Ohio Oil Co. Four producing wells have - 


been drilled and production obtained from the sands of the Dakota 
group, as at Rock River. There has also been drilled one shallow gas 
well and a dry hole, the latter outside the area of unit ownership. It is 
doubtful if any nthe drilling within the productive area is now warranted. 
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None of the wells in this pool ever flowed their production, but in its 


early history it was impossible to pump the wells off. 

Wells in this field average about $85,000 each in cost. Competitive 
operation might have resulted in four or five more holes drilled and it is 
therefore safe to estimate that between $350,000 and $400,000 has been 
saved through unit ownership and development of this property. The 
saving in oil expense, general and camp expense, taxes, etc., over the life 
of the field is estimated at $100,000. An outstanding beneficial result 
of unit operation at Rex Lake has been the ability to produce the field 
exactly in accord with market requirements. 


SUMMARY 


Unit operation in the Rock River field has resulted in economies 
running into millions of dollars in value. Drilling cost would have been 
approximately 100 per cent. more and producing expense over the life 
of the field 70 per cent. more than it would have been under unit opera- 
tion while general and camp expense would have been increased perhaps 
one-third. Orderly development, balancing production with market 
requirements during the period of flush production, conservation of gas 
and utilization of excess gas for repressuring are other noteworthy 
benefits of unit operation in this field. It is probably safe to state that 
$6,000,000 will have been saved in the development and operation of the 
Rock River field over its life by this type of operation. 

At Rex Lake the saving through unit operation is estimated at close 


to $500,000. 


Unit Operation as Proposed for the Hiawatha, South Baxter 
Basin and North Baxter Basin Gas Fields in Southwest 
Wyoming and Northwest Colorado 


By WituiaMm T. Nicutineate,* Rock Springs, WYOMING 


Tue three gas-producing ‘‘pools”’ discussed in this paper are in Sweet- 
water County, southwest Wyoming, and Moffat County, northwest 
Colorado. Hiawatha, North Baxter Basin and South Baxter Basin 
gas fields became economically important in 1929 when a 330-mile 
gas line connected them with Salt Lake City, Ogden and towns en route. 
This development immediately focussed attention on the gas-producing 
fields and the efforts of the producing company to develop them in an 
orderly, economical manner. Several outstanding interests were acquired 
and working agreements made with others. Thusthe interference of natu- 
ral drainage areas was avoided, the pernicious practice of drilling direct 
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Geology.—Hiawatha dome, the field terminus of a gas bepivkoa : 
Lake City, is a gently folded and unfaulted dome with some 2 
closure. The surface rocks and also the rocks of the progneine hori 


coal beds. 
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Fia. 2.—UNITIZATION DRILLING PLAN PROPOSED FOR HIAWATHA GAS POOL, MorraT 
County, CoLo., AND SwEETWATER County, Wyo. 


Development.—The first gas well was drilled in 1926-1927 and made 
50,000,000 cu. ft. at 2215 ft. Several later wells were also large and. 
two highly productive gas sands were developed. Another gas sand was 
found at 3550 ft. but the one well penetrating it made only 3,250,000 x 
cubic feet. ‘ 


West HIAwaATHA 


Two miles west of Hiawatha dome and about 125 ft. structurally 
down its west flank is a secondary dome with some 57 ft. of closure. 
A well drilled during 1929 found two big gas sands and two small gas 
sands at intervals from 1535 to 2245 ft., which yielded a combined flow 
of approximately 65,000,000 cu. ft. per day. 

Unitization.—At present all of the probable gas-producing acreage in 
the Hiawatha-West Hiawatha gas area is held by either the Mountain 
Fuel Supply Co. or the Texas Co., the former holding some 70 per 
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cent. and the latter, 30 per cent. Since most of the acreage is held under 
a permit or lease from the United States Government, the attitude of 


Department of the Interior is particularly interesting. In granting an 
extension of two years, dated Oct. 2, 1929, on permits at Hiawatha and 


‘in adjacent areas where group development is planned,, the following 


condition was included: 


It is further recommended that in order to obtain beneficial use without waste 
of any and all gas developed, each extension of time allowed be with notice that a 
concerted effort must be made by each permitee within the period of extension look- 
ing to the development of a conservation program for the operation’ of the particular 


‘area wherein the permitted lands are located, such a program to be subject to approval 


by the Department. 


As in the final analysis the greatest degree of conservation of oil or gas is 
made possible by unit operation, the condition promulgated by the 
Department of the Interior would appear to be a direct endorsement of a 
unit operation program. 

In Fig. 2, the area in a unit operation program, as proposed for the 
Hiawatha-West Hiawatha area, is outlined and the various wells drilled to 
date are shown. During the summer of 1929 a carefully prepared geo- 
logical map of the gas area was constructed. This map, together with the 
logs of all wells drilled to date, indicates that Hiawatha and West Hia- 
watha are so connected structurally that any economical operating pro- 
gram, to be really successful, must treat the two gas areas as a single 
unit because of the extreme shallowness of the syncline between them. 
In later pages, therefore, “Hiawatha” will be used to include both Hia- 
watha dome and West Hiawatha dome. 

The greatest financial saving to be made in a unit operation program 
at Hiawatha is through the elimination of unnecessary drilling. This 
requires that careful attention be given to well spacing. The nature of 
the producing sands, their tendency toward lenticularity, the extreme 
variability in porosities and size of sand grains from place to place, all 
tend to make the problem of efficient spacing uncertain. At present well 
spacing is in the experimental stage and two or three years of drilling, 
producing and data recording will be necessary before well-founded 
conclusions can be reached. However, a tentative plan of drilling has 
been drawn up, based on general Rocky Mountain practice, which is 
believed to be reasonable and conservative despite the lack of required 
experimental data. In Fig. 2, this tentative drilling plan is outlined. 

Fig. 2 shows the limits of the pool as now interpreted. This area 
includes 11 United States Government oil and gas permits and one tract 
of state-owned land. In the proposed drilling plan approximately 160 to 
180 acres are allowed, arbitrarily, for complete drainage to each proposed 
gas well. The plan requires 26 wells for any single sand or sand zone 
extending over the structure. Compared with this, a drilling program 
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in silo the different permit holdings ‘a 
set wells and inside locations drilled at the rate of one we 
mately each 160 acres would st not less than 50 wells t 
similar drainage. © 

It is, of course, probable aati unknown edge field ooh Aidetaeaaeee e 
some changes in any complete drilling program proposed. Furthermore, 
subsurface information on lenticular producing sands at Hiawatha may 
also require changes. Any proposed drilling plan mes remain. flexible 
for these reasons. 

Based on past experience, wells are expected to cost about $30,000 
each. Therefore, we have the following: 50 wells at $30,000 per well in 
ordinary drilling plan, $1,500,000; 29 wells at $30,000 per well in unit 
operation drilling plan, $870,000; estimated saving through unit operation 
$630,000. A further saving in sieves cost and equipment i is estimated 
at $4000 per well, or $84,000, in addition to which a considerable charge 
for additional gathering nes is saved. Compared with divided owner- 
ship there is also a large saving in overhead charges. 

A comparison of the ultimate production under a unit operation plan 
as against an ordinary drilling program in a gas field such as Hiawatha is | 
difficult to make. With the only market outlet from Hiawatha through 
the pipe line of the Western Public Service Corpn., that company would 
necessarily have been obliged, under any development program, to 
prorate the market consumption between the total number of produc- 
ing wells. As the amount of gas taken from any well would have been 
a comparatively small proportion of the total capacity of the well, and 
therefore in accordance with good gas-production practice, it is doubtful : 
whether the ultimate gas production would be materially different under : 
any drilling plan that would exhaust the gas sands over a considerable 
period of time. This is especially true in that inside as well as offset 5 
locations would of necessity be drilled under any drilling program. Of 
course, any production plan that would allow the control and regulation 
of encroaching edge water is desirable, but no data are available on this 
phase of production at Hiawatha as yet. 

The drilling, blowing and testing of any high-pressure gas well uses 
up a considerable amount of gas. It is estimated that, at Hiawatha, up 
to 25,000,000 cu. ft. may easily be wasted on each well in these operations. 

By reducing the number of drilling wells this waste can be proportion- 
ately lowered. 


SourH Baxter Basin 
South Baxter Basin gas field, in Sweetwater County, Wyoming, 
is also on the Salt Lake gas line. 
Geology.—South Baxter Basin gas field occupies the structural crest 
of the Rock Springs uplift, which extends some 85 miles in a general 
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north-south direction, and brings Cretaceous rocks to the surface over 


an area of 100 sq. miles. These are surrounded by Tertiary beds. 
Although the broad structure is essentially a dome, it is so cut and 


displaced by faults that the structural conditions affecting gas accumula- 


tion and retention are very complicated. Further complications result 
from an extensive remnant of unconformable Tertiary (Miocene?) sedi- 
ments that tend to obscure the fault structures. 

Production at South Baxter Basin is from two horizons, the Frontier 
sandstone and the Dakota sandstone, both of Cretaceous age. In general 
the Dakota sand wells are much larger than those from the Frontier 
sand horizon. 

Development.—As early as 1900 random drilling found sufficient 
“shows” of oil and gas to continue interest in the region. 

In 1922, the Ohio Oil Co. drilled the first big gas wellin the faulted area 
on the south end of the dome. This well made 36,000,000 cu. ft. from 
the Dakota sandstone at a depth of 2475 ft. This was followed (1922- 
1929) by several large gas wells drilled by several companies. At present 
there are 10 wells with a combined open flow capacity of 288,000,000 
cubic feet. 

At present the acreage within the probable producing gas area is 
held for development purposes as follows: Mountain Fuel Supply Co., 
69.1 per cent.; other interests, 30.9 per cent. The acreage held for 
operation by the Mountain Fuel Supply Co. and other interests is 
classified as follows: U. 8. Government permit and lease acreage, 39.8 per 
cent.; Union Pacific R. R. lands under lease, 52.1 per cent.; State of 
Wyoming land under lease, 6.6 per cent.; patented land under lease, 
1.5 per cent. Fig. 3 shows the area considered as probable gas territory 
and also the various wells completed or drilling at the present time. 

Unitization.—Fig. 3 is based on a rather free interpretation of the 
geology. The irregularities are due to slice faulting and resultant dis- 
placements. As pointed out under the Hiawatha discussion, the greatest 
saving to be made through unit operation is in the elimination of unneces- 
sary drilling. Fig. 3 illustrates the proposed drilling program and shows 
the required wells and the approximate drainage area allowed to each 
location. Gas wells already drilled under the old ‘‘acreage protection”’ 
plan are also indicated. In almost every case the gas wells already 
drilled conflict in their natural drainage areas. 

Under the ‘acreage protection”’ plan it is estimated that a minimum 
of 90 wells would be required to protect the different acreage holdings 
and secure reasonable gas drainage throughout the area. Under the 
proposed unit operation plan a total of 51 wells will suffice to produce 
at least an equal amount of gas. The average cost per well is about 
$40,000: 90 wells at $40,000 per well in ordinary drilling plan, $3,600,000; 
51 wells at $40,000 per well in unit operation drilling plan, $2,040,000; 
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Fig. 3.—UNITIZATION DRILLING PLAN PROPOSED FOR SoutH Baxter Basin GaAs 
POOL, SWEETWATER CouNTYy, WYOMING. 
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saving through unit operation, $1,560,000. In addition a considerable 
saving on meter equipment costs iseffected. At $4000 per well for meters, 
meter building, fittings, etc., we have: 90 wells with meter equipment 
under ‘‘acreage protection” drilling, $360,000; 51 wells with meter 
equipment under unit operation drilling, $204,000; saving through unit 


operation, $156,000. On the two items of drilling costs and meter 


equipment costs alone, it can be demonstrated that a total saving of 
$1,716,000 may be effected at South Baxter Basin by unit operation. 
In addition a large saving in gathering lines is effected. 

Faulting at South Baxter Basin, especially in the southern part, has 
complicated subsurface conditions. Until more drilling is completed 
and the effect of faulting on the production is more throughly determined, 


any proposed unit drilling plan must be kept flexible and subject to 


necessary changes. Fig. 3 must be considered in the light of a preliminary 
plan only in so far as spacing is concerned. 

The same conditions apply to production costs and total ultimate gas 
production at South Baxter Basin as were discussed under Hiawatha. 


Nortu Baxter BASIN 


North Baxter Basin gas field is in the northern part of the Rock 
Springs uplift. The Western Public Service Corpn. has constructed an 
8-in. branch gas line from the Hiawatha-South Baxter Basin-Salt Lake 
City main line to the North Baxter Basin gas field, thereby creating a 
market for gas from this field. 

Geology.—North Baxter Basin gas field is structurally a dome super- 
imposed on the major Rock Springs uplift but is structurally 1300 ft. 
lower than South Baxter, 8 miles away. A system of northeast-south- 
west trending normal faults complicates the problem of gas accumula- 
tion and retention. Three horizons produce gas, namely, Frontier and 
Dakota of Cretaceous age and Sundance of Jurassic age. 

Development.—The first commercial gas well was drilled in 1926 and 
made 10,000,000 cu. ft. from the Frontier formation and 14,000,000 cu. 
ft. from the Dakota formation. A second gas well drilled on the south 
end of the dome yielded only a show in the Frontier and Dakota horizons 
but made 3,800,000 cu. ft. from the Sundance formation. It appears 
probable, from the results obtained in this well, that the Sundance 
formation has a much greater area for gas production than either the 
Dakota or Frontier formations. 

The Mountain Fuel Supply Co., when organized, acquired by purchase 
the Ohio Oil Co. acreage at North Baxter Basin and also the gas rights 
on the Producers & Refiners Corpn. and the Marland Oil Co. acreage. 
Thus at the present time the probable gas acreage at North Baxter 
Basin is held as follows: Mountain Fuel Supply Co., 97.1 per cent.; 
other interests, 2.9 per cent. This acreage may be classified as follows: 
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U. S. Government land under permit or lease, 46.7 per cent.; State of 
Wyoming land under lease, 1.3 per cent.; Union Pacific R. R. land 
under lease, 52 per cent. 
Unitization.—Fig. 4 outlines in a general way what is believed to be 
a reasonable idea of the gas-production limits at North Baxter Basin 
and illustrates a proposed general plan showing the required locations 
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Fie. 4.—UNITIZATION DRILLING PLAN PROPOSED FOR NortTH BaxTER GAS POOL, 
SWEETWATER County, WYOMING. 


and the drainage area allotted to each well. This plan allows for 16 
wells to secure economical gas drainage. Any ‘‘acreage protection”’ 
plan of drilling would require a minimum of 24 wells to secure drainage of 
the same area. 

At North Baxter Basin it is estimated that a gas well will cost $30,000 
to complete: 24 wells at $30,000 per well in ordinary drilling plan, $720,- 
000; 16 wells at $30,000 per well in unit operation drilling plan, $480,000; 
saving through unit operation, $240,000. In addition, the elimination 
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of eight unnecessary wells permits a saving of $32,000 on gas-meter- 
ing equipment. 

The proposed plan is subject to change based on subsurface conditions 
as found in the next few wells drilled. 


CONCLUSIONS 


In the opinion of the writer, the greatest inducement for unitization 
in the three gas “pools” tributary to the Salt Lake City gas line of the 
- Western Public Service Corpn. is in the greatly decreased investment 
necessary to develop the properties. Next in importance is the reduced 
cost of operation due primarily to the decrease in the number of inde- 
pendent operating establishments in the different fields. It should be 
noted that in a producing gas field the operating personnel does not by 
any means increase proportionately as the number of wells on production 
and operated by any*one company. In fact, the several operating gas 
companies in one pool would largely duplicate the staff required by a 
single operator. 

Finally, as to ultimate production, it appears that the same total 
amount of gas may be expected in the fields herein treated by approxi- 
mate unitization as in an “‘acreage protection” drilling program. Some 
advantage should undoubtedly be obtained by unitization through more 
thorough control of edge wells and edge-water encroachment but no data 
are yet available on this phase in the fields considered, because so few 
wells have been drilled and the fields have been on production for so 
short a time. 

The gas line of the Western Public Service Corpn. is the only outlet 
for gas in the Hiawatha and North Baxter Basin gas fields and the 
major outlet for gas at South Baxter Basin. As a result, the gas opera- 
tions of the fields are on a prorate rather than a competitive basis. Only 
a small part of the total capacity of the 18 producing gas wells in the 
three fields at present can be taken on a prorate basis by the pipe line. 
As more gas wells are drilled this acceptance proportion per well must 
become less. This situation, in its effect, necessitates economical pro- 
duction methods and a gradual depletion of the producing sands over 
the gas area. This, so far as we. now know, assures a satisfactory ulti- 
mate recovery and considerable control over edge conditions under any 
drilling program. 

However, with waste controlled, ultimate production at least as 
great, production costs lowered and well investment greatly reduced, 
unitization appears highly justifiable both on the basis of economy 


and conservation. 
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was discovered Sept. 26, 1917. ara es eve ad iti g 
were completed and a large reserve was developed. re 
this field completely supplied the domestic market at Basin and Grey bull, 
as well as the refinery at the latter town, and it is still supplying gas in ws 
small amounts to this market. ; 
Production is obtained from the sands of the Frontier formation at 
depths ranging from 1000 to 1500 ft. The original rock pressure was — 
725 lb. and initial production ranged from 4,000,000 to 28,000,000 cu. ft. 
per day per well. Porosity of the sand, determined from the size of the | 
productive area and the amount of gas recoveredgis over 18 per cent. 


AREA AND MANAGEMENT 


It is estimated that the productive area is about 640 acres. Its — 
outline is indicated on Fig. 5, on which are also shown the locations of 
holes drilled on the structure and the area of unit operation. 

The unit area is owned by the Ohio Oil Co. and development and 
operation have been by this company. No productive well has been 
completed outside this area. The entire area was Government land 
filed on under the placer mining law. 


Resutts or Untr OPERATION 


With six producing wells, or an average of one to each 160 acres, . 
the pool is completely developed. Location of the wells was made M 
with respect to structural conditions plus the requirement that at least 
one well be drilled on each 160-acre placer claim. Perhaps a somewhat 
more uniform spacing of the wells might have been accomplished and one 
well eliminated, but it must be borne in mind that the holes, on account 
of their shallow depth, were not expensive and that the object was to 
develop as reliable a reserve as possible. There is no cause to suspect 
that these holes have not adequately drained the reservoir and there 
is every reason to think that any additional wells, which might have been 
drilled under diversified ownership and operation, would have been an 
economic waste. 

Unit operation by a competent company has not only fosulted 4 in the 
elimination of loss of gas through careless development and operation 
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conserved the product for its best use, as fuel for domestic pur- 
d for indust 

ement the gas might have been burned for carbon black or dis- 
d in other ways, for when the field was discovered the time was not 
for the construction of a pipe line to reach the market ultimately 
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Fic. 5.—Hipppn DoME GAS FIELD, WasHAKIE County, WYOMING. 
Hachured lines indicate boundary of area of unit operation. 


served. In at least one competitively operated field in Wyoming this has 
occurred, and perhaps the prevention of this has been the most outstand- 
ing and beneficial result of unit operation at Hidden Dome. 

Turning from what may be considered the more or less altruistic phase 
of unit management in this pool, there can be no doubt that a concrete, 
though not precisely determinable, dollars and cents saving has been 
accomplished in general expense and camp expense as well as in develop- 
ment expense by this type of operation. Fewer repairs to wells have been 
necessary than with the larger number that would probably have been 
drilled without unit operation, and only part of one man’s time has 
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been required to look after the property, as compared with perhaps 
the full time of several men under varied ownership. 


SUMMARY 


It may be said that investment and expense in the Hidden Dome 
gas field have been held down to a minimum by unit operation, and the 
gas conserved and used for its most beneficial purpose, as fuel. It is 
doubtful whether these results would have been even closely approached 
under diversified ownership and management. 


Unit Operation in California* 


By Joszrx Jensen,{ Los ANGELES, CALIF. 


(New York Meeting, February, 1930) 


No outstanding example of an important producing unit operation 


exists in California today where the competitive drilling drainage feature 


is or was entirely eliminated We need not feel, however, that the 


thought of unit operation had its birth in 1924, when Henry L. Doherty 


named and sponsored it so strongly before the American Petroleum 
Institute and our own organization. No man or company in California 
ever drilled a wildcat well without exerting every possible effort to get all 
of the structure, so as to control drilling and avoid competition. Over- 
production did not begin in 1923, so there has always been the wish to 
avoid it. In this state the practice of selling acreage around a wildcat has 
not been followed, except possibly in rare instances. The operator 
drilling the wildcat knew he must pay the bill alone, so he endeavored 
to get the benefit of his effort by tying up all of the land around his well 
and by so planning his different lease obligations as to avoid as much 
offsetting as possible. If he failed to get all of the land, it was because 
someone’s price was too high, some other oil man also had the same idea 
and already held some lands, a competitor took leases away from him 
while his work was still incomplete, or (as was so often the case) the 
hidden structure when developed did not prove to be where the wildcatter 
thought it would be. The last named condition often led to a forced 
drilling campaign by the last leases secured and thus to serious drilling 


drainage problems. 


OWNERSHIP OF THE LAND 


The land situation differs a great deal in various parts of the state. 
In the San Joaquin Valley, all the land is surveyed into sections and 
townships. Railroad land grants embraced a part of the land. In the 
areas that were developed at an early date, as at Kern River, Coalinga, 
McKittrick and the Sunset-Midway field, such land as the railroad 
company’s diligent land department had been unable to sell for a song 
as grazing land still remained in its ownership. Operation and ownership 
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Pacific Oil Co. in 1921 fee to th ssn rd 


Strange as it seems to many of us nov wh 
side of this great valley, numerous colonization schemes i 
and eighties were attempted in this barren district. ‘San F 
bankers took advantage of the low prices of greenbacks, using them - gS 
big blocks of Government land during this period. Thus it was that the wey 
Belridge Oil Co. was able to purchase from the owners of such almost: 
useless land 36 sq. miles of contiguous land on which it later found two 
oil fields. Even so, it did not succeed in getting all of these two fields 

The very hilly land, however, was left untouched. Title to this 
still remained in the Coreames or the railroad where the land grant — 
extended out to the hills. Tracts of 160 acres were taken up as placer — 
mining claims by nearly every resident in the country—just paper claims, 
but thousands of them overlapping and repeating so often that the office _ 
of County Recorder became one of the best paying in the state. Only 
two instances exist where enough contiguous placer mining locations were 
held in one ownership ultimately to give a large tract of well-controlled 
and well-located acreage on important structures. One of these is | 
represented by the property of the Honolulu Consolidated Oil Co. in the 
Buena Vista Hills, Sunset-Midway field; the other is the Texas Co’s. 
holdings in the Oakridge or South Mountain field in Ventura County. 

Prior to 1900, the practice of developing this San Joaquin land was E 
to acquire full title to it by purchase or by placer mining location. This 
and 15 to 25-c. oil limited the amount of land taken up by each ownership. i 
The industry was not wellestablished and there were therefore many oper- . 
ators drilling shallow wells. Many ownerships and the need of reduced 
operating costs were responsible for consolidations that resulted in 
forming some of the companies that have since become the major oper- 
ators in the state. This was particularly true in the Kern River field. 
Relatively few leases existed. Because of such conditions and the sub- 
sequent consolidations, it has been possible to shut in most of the 99,303 
bbl. of oil in this general area. This practice of purchasing lands was 
followed to a large degree by the Union Oil Co. during this same period 
in other parts of the state, and with like results. 

Along the coast there were immense old Spanish land grants. In 
Ventura and Santa Barbara counties, particularly, these have not yet been 
cut into small tracts, as they generally have been in the Los Angeles 
Basin. This condition accounts for such fields as Lompoe, Santa Maria, 
Elwood, Ventura and Tapo Canyon. i 

Selling real estate has been the prime Los Angeles industry as far 
back as the memory of the oldest among us runs—and some there are 
who would have everyone understand that Los Angeles means all of 
Southern California. Hence, in this general area, where some large 
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Is of land still exist, there are many districts of 5 to 25-acre parcels 
near-by town-lot subdivisions. This town-lot condition occurs in 
h fields as Signal Hill, Santa Fe Springs, Huntington Beach and Alami- 
_ tos Heights; while in the same district are such fields as Dominguez, 
_ Main Seal Beach, East and West Coyote, Montebello, Inglewood and 
Beverly Hills, with one to five operating companies in each field. In 
addition, this district gives a combination type of land ownership, repre- 
sented by Brea-Olinda, Salt Lake, Whittier and Richfield. — 


a NEAR-UNIT OPERATION 


The more people it became necessary to deal with, the more difficult 
the opportunity for securing a single control, but the urge for single 
control was always present. What has thus far been accomplished may 
best be classed as near-unit operation. It represents a commendable 

record of achievement. Until 1929 it bore the entire burden of curtail- 
ment and controlled development in California. There is still possible in 
these near-unit fields controlled deeper drilling in some and in all an 
excellent opportunity for gas storage and repressuring work to increase 
_ oil recovery. Fields falling in this class, assembled according to the 
geographic districts in which they occur, are shown in Table 1. 


Tasie 1.—Fields from Which Production May Be Expected 


Daily Average | Daily Average Average Number Number 
Production Production Producing Producing 
During Peak During 1929, Wells During Wells, 
Year, Bbl. Bbl. Peak Year February, 1930 
San Joaquin Valley | | 
SGU Ce rice rouse exe na)» (1917) 
Trduvale....:......«.1 1,629 (1929) 1,629 6 11 
Round Mountain...... 613 (1929), 613 5 12 
Wheeler Ridge........ ., 1,019 (1926)| 685 25 35 
Coastal 
Santa Maria-Lompoc..., 23,769 (1908), 4,208 209 
South Mountain*...... (1925) 176 
Shields Canyon...-....| 1,836 (1916) 539 109 101 
Ventura Avenue....... 57,354 (1929) 57,354 154 140 
Tapo Canyon.......--- 328 (1919) 161 24 39 
Los Angeles Basin | 
Wolfskill Dome*...... .| (1911) 
Inglewood.........-+-- | 52,1386 (1925) 24,022 171 228 
Potrero (South Dome).. 611 (1929) 589 3 3 
Dominguez.........-+- 36,848 (1925) 9,882 62 57 
Seal Beach Main Field | 35,334 (1929) 35,334 69 al 
Montebello...........-| 30,153 (1919) 11,567 118 176 
Coyote (East and West) | 34,286 (1918) 11,441 183 208 


* Data on these fields have been included with others and can not be separated 


readily. 
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There is one marked difference in the California oil fields as contrasted _ 
with the usual conception of oil fields elsewhere. This difference may be 4 
expressed in one of two ways: Either there was insufficient gastomakean _ 
accumulation of gas on top of the structure free from oil, or the accumula- 
tion of oil on the crest of the structure was sufficiently great to furnish oil 
to hold most of the gas in solution. While it must be true that the gas- 
oil ratio on the very crest of the structure is different from that down the 
dip, this difference is not always pronounced. A much greater difference 
occurs in wells based upon the length of time in which they have been 
producing. The effect of the age of a well upon the gas-oil ratio is much 
more pronounced than is the effect of structural location. Such a condi- 
tion limits the extent to which unit operation might help in the develop- 
ment of a field by eliminating drilling on top of the structure. On the 
other hand, control of the producing wells, after the gas-oil ratio becomes 
too high, is of even more importance in the life of a slowly drilled field. 
Without such control, oil recovery will be decreased because of gas wast- 
age. Owing, however, to the absence of an accumulation of gas on the 
crest of the structure, the principal advantage of near-unit operation 
in these fields, developed in the past, has been that due to limiting or 
regulating drilling. This has expressed itself in a satisfactory well- 
spacing program and a control of the rate of drilling in many near-unit 
California fields. 

Outstanding among these near-unit fields is Dominguez Hill, where 
lease requirements in some instances and line agreements in others 
resulted in spacing the wells 610 ft. apart, or one well to 8.54 acres. At 
North Belridge, where the oil is heavy, the Belridge Oil Co. and the 
Reward Oil Co. made a 500-ft. line agreement. The Belridge Oil Co. 
spaced its wells 1500 ft. apart and as a result of this its wells are still 
flowing. Surplus gas in the North Belridge field is taken to the South 
Belridge field by this company and put back into the ground. 

At North Belridge a deep sand, comparable with the Kettleman 
Hills formation, has been cored and is soon to be tested. Fortunately, 
the well-controlled land situation will not precipitate an intensive drill- 
ing campaign. 

Another practice adopted in some of these near-unit fields has been 
the limitation of penetration of the oil zone. In 1924 the Shell, Union 
and Associated Oil companies agreed to limit their penetration of the 
oil zone in the Dominguez field to a thickness of 400 ft. The field was 
drilled up on this program. Subsequently one of the companies drilled 
several wells beneath this 400-ft. zone, but the other companies have thus 
far limited their drilling to one well for each company. 

In the Inglewood field in 1925 when the production of the field had 
reached 116,000 bbl. per day, the practice was instituted of limiting 
penetration to a zone 1300 ft. thick, even though one of the companies 
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had proved a lighter oil and a valuable zone lying beneath this 1300-ft. 
zone. Subsequently, this deeper zone was proved to be 400 ft. thick 
by a second well which was shut in in 1926. This practice has resulted 
in setting up valuable reserves at greater depth in these near-unit fields. 

In the Main Seal Beach field, the Continental, Standard and Associ- 
ated Oil companies followed the practice of developing the underlying 
zone only after the near depletion of overlying zones, by using three 
stages of development. This not only eliminated a high peak production 
but it permitted the use of some holes for two deepening purposes. By 
this method two extra sets of wells weré unnecessary. 

A similar situation exists in the East Coyote field on the Hualde 
dome where only the Hualde and Anaheim zones have been developed. 


At West Coyote a recent deep test has proved a deeper zone. Since 


lease requirements have been filled, the zone can remain proved but 
undeveloped. At Montebello the same situation of proven reserves in 
deeper sands also exists. 

Shields Canyon and Oakridge or South Mountain, both fields in 
Ventura County, were developed by Ventura Consolidated. These 
properties were merged with the California Petroleum and then with the 
Texas Co., becoming Texas Co. properties. The development of these 
two structures occurred through the period of higher oil prices preceding 
1922 and furnished a sustained and substantial revenue for several years. 
Now the fields are being repressured by the Texas Co. to conserve gas 
produced with the oil. 

When the Santa Maria field was originally developed there was 
competitive drilling, but since that time the Union Oil Co. has taken 
over many properties, thus permitting the shutting in of much of this field. 

The control of the Lompoc field by the Union Oil Co. has made it 
possible to store gas from the Elwood field in the Lompoc field. 

The storing of gas already represents a widespread movement which 
is coming into its own. It has been demonstrated as feasible at Mon- 
tebello, West Coyote and Brea-Olinda. In some instances there has 
already been a marked improvement in possible oil recovery. Long 
Beach gas in large quantities has been stored by the Shell Co. in the 
Dominguez field. Ventura gas is being stored in the dry gas sand of 
the Buena Vista Hills of the Sunset-Midway field. 


Unit OPERATION IN VENTURA FIELD 


No better example of controlled drilling exists in the state than in the 
Ventura Avenue field. As they originally existed, the Ventura and the 
Long Beach fields seemed comparable in every way as to oil content and 
thickness of oil zone. To the end of 1929 their development had been 


as shown in Table 2. 
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TaBLE 2.—Development of Ventura and Long Beach Fields 


Fields Producing Wells Production, Bbl. 
Long Beach 
1921 6 75,588 
1922 156 18,560,595 
1923 329 68,810,361 
1924 525 60,119,659 
1925 620 40,116,683 
1926 711 37,931,964 
1927 636 34,541,665 
1928 844 62,467,105 
1929 990 | 60,495,555 
net 383,119,175 
Ventura Avenue 
1916 1 | 2,650 
1917 1 7,100 
1918 1 . 23,609 
1919 2 | 38,435 
1920 5 105,185 
1921 6 127,674 
1922 13 | 685,247 
1923 18 1,423,187 
1924 27 . 1,831,903 
1925 50 . 6,999,403 
1926 76 | 14,795,495 
1927* 106 / 17,808,704 
1928* 141 . 18,920,942 
1929" 137 | 20,934,388 
‘Total ees . 83,703,922 


*In these years a number of wells with high gas-oil ratio have been shut in. 
Highty such wells are now shut in. 


Ventura has been developed by regulated drilling since 1922, or 
through a period of eight years. There still remain from two to five 
years’ more drilling to be done in this field. While more than 200 strings 
of tools have been run at one time at Long Beach, more than 50 strings 
never have been run at Ventura. 

This field has demonstrated that unit operation, or some sort of 
control, is necessary to protect the deposit from waste. No matter 
where the first wells have been drilled on the structure, eventually they 
become most wasteful gas wells. The gas-oil ratio in wells increases 
from tenfold to twentyfold with age; 7. e., from 1000 to 10,000 to 20,000 
cu. ft. of gas per barrel of oil. Such excess gas comes out of solution and 
leaves unrecovered oil in the ground. The remedy is to shut in the old 
wells when their gas-oil ratio increases above the general average of 
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~ new wells. A common ownership would permit this to be done; near- 
unit operation does not. Some think that the new gas law contains the 
remedy for such a situation; but thus far the remedy has not been applied. 


Purpose oF Unit OPERATION 


Unit operation has been emphasized in recent years, as the discovery 
of so many fields has demonstrated the need of a complete control of 
excess production. This recent experience has demonstrated the inability 
of the industry to handle all of the oil that can be produced. Though 
not now generally accepted, the truth will soon be understood that the 
industry must leave the oil stored in the container nature made until 
the oil can be used. The continued storing of the produced surplus has 
ceased to be the remedy for overproduction. What once was thought 
to be a balance wheel has now become so heavy as to be a burden on a 
part of the industry and a threat to the remainder. 

The same may be said regarding curtailed production. A heavy 
investment in oil wells exists, which calls for a return of the principal 
and a profit on the investment. At the slightest sign of an improvement, 
this poorly controlled production causes a breaking down of voluntary 
effort. It serves, however, to emphasize the need of a method that 
eliminates the heavy investment in drilling wells before they are needed 
and in storing oil before it can be used. Price cuts will inflict punishment 
without remedying the situation, but the purposes sought by unit opera- 
tion can accomplish the same thing with advantage to all. 

As important and as great as this benefit promises to be, it is well to 
point out that unit operation will pay its way in lessened drilling and 
producing costs and in added oil recovery. Particularly in California, 
where every field has lasted since its discovery to the present time, it is 
clearly evident that much oil must exist underground and that methods 
now unknown and now unthought of may yet come into play, if 
the deposit is protected against damage and is held in such condition that 
methods developed in the future may be brought into play. 

In the past few years, for the reasons sketched above, the purpose 
of unit operation (even though not designated by this name) has been 
given much consideration in California. It has been and is being prac- 
ticed as to several wildcat wells that have been drilled and areas that are 
being tested, as follows: 

In Angiola, Tulare and Kings counties all leases were taken by a new 
corporation, one-fourth of which was owned by the Associated, Richfield, 
Standard and Texas companies. A dry hole was drilled in 1928 and 1929. 
Lease obligations were so taken that a slow development would prove 
the territory in zones. ‘There was no consolidation of property interests. 

At Carpinteria, Santa Barbara County, nine companies, headed by the 
Continental Oil Co., have arranged a controlled prospecting and develop- 
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ment program for nine state prospecting permits along the shore of the 2 
Pacific Ocean. Property rights have not been transferred, but a fund is 
set up out of production to be divided among the nine companies. ' 
At Rimpau, Orange County, the Union Oil Co. and the General 
Petroleum Corpn. have each contributed one section of land and entered 


into a joint agreement as to the development of the 1280 acres, each — = 
‘paying half of the cost of drilling a wildcat well, which is now being 


drilled. 

In Huasna, San Luis Obispo County, the Union Oil and the Texas 
companies pooled their leases 50-50 and drilled a wildcat well, each com- 
pany contributing one-half of the cost. 

At Oxnard Plain, Ventura County, the Standard Oil and the Shell 
companies have leased large blocks of land and have entered into a joint 
prospecting arrangement. It is understood that if oil is developed leases 
will be pooled and the territory developed as if it were held by a 
single owner. 

Of the foregoing wildcat tests, the one at Carpinteria appears to be 
the nearest approach to unit operation, but it is not a true unit program. 

The purpose of unit operation has likewise been sought in proven 
areas. At Kern Front in 1929, Brundred Brothers proposed unit opera- 
tion of the properties of the 12 companies in this field. They claimed, 
as the advantages of the proposed unit operation, reduced operating costs, 
the need of fewer new wells and added oil recovery due to a proposed 
repressuring program. The project was considered by the 12 companies 
but was never adopted. Some companies were unwilling to give up 
control of their lands or to take stock in a corporation for oil lands 
owned in fee. 

At Santa Fe Springs in 1928, repressuring of the Meyer zone as a 
unit was proposed as a means of avoiding the waste of gas that would 
follow the development of these deeper zones.. The plan was accepted by 
all but four or five of the operators in the field, and 85 per cent. of the 
Meyer zone production was actually consented. An agreement was 
partly signed up. The matter did not go far enough to determine the 
reaction of the land owners to such an arrangement. So many interests 
were involved that there promised to be great difficulty in making such 
an arrangement without having some means of compelling the minority 
to join with the majority in reasonable conservation. 

At Santa Fe Springs in 1930, the engineers of the Union Oil Co. 
proposed a unit operation and control of the Clarke zone. The same 
difficulties that prevented repressuring the Meyer zone will exist relative 
to the unitization of the Clarke zone, even should the gas law be enforced. 
The need of some action relative to both of these zones is still an impor- 
tant one, since the Clarke zone will produce a surplus of gas that can best 
be stored in the Meyer zone. 
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At Kettleman Hills in 1929, three agreements for a controlled develop- 
ment program were entered into relative to the North, Middle and South 
domes. No discoveries have as yet been made on the Middle or South” 
domes and prospecting work on them has nearly ended. 

At the present time the Kettleman Hills Committee is seriously 
considering two programs relative to the North dome; one for unit opera- . 


tion and one for controlled development. Where less than a year ago it 


seemed impossible for the Secretary of the Interior to harmonize views 
so as to secure the three agreements of 1929, it is now recognized that 
either unit or near-unit operation is a necessity. ‘No matter what the 
final solution of this problem may be, it will be a big step forward in 
accomplishing the purposes of unit operation. An extensive drilling 
program will be avoided, revenues will be equalized, gas waste will be 
stopped and eliminated, and there will be no complete demoralization of 
the oil industry due to this great field of 1614 sq. miles. - Each barrel of 
oil produced is equivalent to 1.4 bbl. of gasoline. The oil is 59° to 61° 
gravity and contains 90 per cent. gasoline. With each barrel of oil 
there is produced 25,000 cu. ft. of gas, containing 0.7 gal. of gasoline 
per 1000 cu. ft., amounting to 14 bbl. of natural gasoline with each barrel 
of oil produced. Uncontrolled, this field could supply the entire state 
with gas and gasoline and leave a surplus sufficiently great to demoralize 
prices. If some of the companies should hold out and refuse to enter 
unit operation, the situation is critical enough to make certain that some 
cooperative plan will be developed. This may be hastened by the 
enforcement of the gas law. 

Conservation of gas is even more difficult to accomplish than con- 
servation of oil. In the past 214 years the overproduction of oil has 
brought about an enormous waste of gas. In a state where there is no 
good grade of coal, the importance of conserving gas is vital to its indus- 
tries. Committees of operators and engineers, representing the entire 
industry, worked through the latter part of 1927 and 1928 in an effort to 
bring about voluntary cooperation to conserve gas. In this matter it 
finally developed, however, that cooperation was impossible without 
100 per cent. participation. Participation to this degree was never 
attainable. The will of the majority was always thwarted by the unwill- 
ingness of a small minority. This situation gave rise to the new gas 
law of the State of California. If sustained by the courts, it furnishes 
the means of making all parties adhere to the need of the community 


that gas shall be conserved. 
Toe New Gas Law 


Under the new law, the blowing of gas to the air is prima facie evi- 
dence of waste. The law also contemplates a division of gas outlets and 
cooperative agreements for the conservation of gas. One paragraph in 
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to stop the waste of gas at_ Santa Fe. | Hill 
Hills. These proceedings are still in the courts. aged 

Another paragraph of the law permitted a different t; 

_ By working along this line, the Director of Natural Reso 
order in the Ventura Avenue field calling for the scamenerant ‘pro- 
duction there to the available outlets, plus a 10 per cent. working surplus. 
An average daily curtailment of 122,450,000 cu. ft. of gas has prev ed 
since Dec. 1. The gas production of the field was cut 40 per cent. and 
82 per cent. of the former blow-off was eliminated. While gas produc- — 
tion was cut 40 per cent., oil production was cut only 22!4 per cent. 
Most of the gas AocHet aden at Ventura was accomplished by the out- — 
right killing of wells having excessive gas-oil ratios. Of the 217 wells 
in the field, 137 are now producing and 80 have been killed. The ae n 
ratio of the field showed a notable reduction. ey 

A successful application and working out of the California gas law 
should furnish sufficient justification for the adoption by Oklahoma and 
Texas of a similar practice. Unquestionably, the easiest manner in 
which to comply with the gas law is by means of complete unit operation. 
While unit operation is still rather revolutionary for various reasons, the 
gas law promises a new form of regulation that will make necessary near- 
unit operation and which will encourage unit operation. This sort of 
procedure can be applied to the existing fields where gas is still an impor- 

_ tant factor. 

In new areas where the prospecting has not begun, a form of control 
might be established. R. E. Allen, engineer with Paul Grimm, Oil 
Umpire for Santa Fe Springs, has suggested that, in order to bring 
about a complete cooperation of all landowners, an exclusive franchise 
system could be set up covering each area to be tested, and that no 
franchise to prospect would be issued or granted until a uniform plan of 
development had been adopted. This would require legislative action 
and represents a step in advance of what the industry is probably pre- 
pared to accept. If voluntary action can be secured among the operators, 
it will go far to bring about a condition where the cooperation of all land 
owners may be sought. Experience has shown, however, that thus far 
in Southern California a 100 per cent. cooperation of many landowners 
can not be secured. 

In most districts, the situation is not complicated, as it is in Southern 
California. Real estate values in many instances far exceed any possible 
oil value that may be set up. The limitation due to real estate values is 
becoming so pronounced and definite in the Los Angeles Basin that, in 
some areas, the oil man is no longer a welcome visitor. This serves only 
to indicate that, while unit operation may not be effective in this area of 
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high real estate values, a different sort of check will prevent a series of 
town-lot fields, similar to those that have been developed in the past 10 
years. Then again it must be admitted that the Los Angeles Basin has 
been so thoroughly prospected that but few possible areas still remain. 
Behind all of these developments and trends in the oil industry and 
all of the things that have been discussed herein is the engineers’ concep- 
tion of what an oil deposit really is. This view is indeed very different 
- from the one so often expressed in court decisions, that oil is a fugitive 
substance and belongs only to the one who captures it. We may look 
forward, however, to the time when this old view will give way to the one 
upon which the engineers in the industry base their support of the 
purposes of unit operation. 


[For discussion of this paper, see page 85.] 
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Otis Smith, H. H. Smith, Lester C. Uren, James A. Veasey, A. E. Watts, Luther 
White, P. N. Wiggins, Jr. 
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Discussion of Unitization 


[THE FOLLOWING DISCUSSION IS ON THE SUBJECT OF UNIT OPERATION IN GENERAL, 
BUT CERTAIN PAPERS ARE ESPECIALLY MENTIONED. | 


G. O. Smrru,* Washington, D. C.—This program is itself a demonstration of the 


_ widespread interest in the subject of more efficient development and operation of oil 


fields. The statements of fact already presented and the views expressed are sufficient 
evidence that the engineering and economic principles fundamental to the idea of 
unit operation are much more generally accepted than they were even one year ago. 
And real progress has been made in putting these principles to the test. 

No one realizes better than I that the fight against waste, whether physical or 
economic, must be waged in the front-line trenches: Washington at best is only an 
observation post. Yet viewed from this distance the advance made in the last few 
months has been notable and to a high degree encouraging. 

Five years ago the Federal Oil Conservation Board, in its first contacts with the 
industry, raised the question, ‘‘How can new pools be explored without exploitation 
until new production is warranted by the country’s needs?” Three and one-half 
years ago the Board, in its first report to the President, paid largest attention, among 
what it listed as fundamental conservation measures, to ““eooperative methods in 
sane development of new fields.” A year ago, in its third report, the Board again 
endorsed as the essential factor in conserving the nation’s reserves of oil, ‘‘full coopera- 
tion in unit control, whether by voluntary agreement or by state enforcement.” The 
function of this federal agency has been purely fact-finding and educational. The 
Oil Conservation Board early declared that the major part of its task was to help 


the industry “formulate the broader by-laws in the sense of conservation.” 


And now, after these five years of eventful history in the oil industry, may I 
size up the situation as I see it from the Washington point of view? First of all, 
and fundamental to a successful issue, I have observed in the industry a gradual 
acceptance of technical opinion as the guide to executive action; and this has at last 
led to some agreement as to what procedure offers most promise. 

Analyzed in more detail, this highly desirable progress has consisted in ‘‘self- 
restraint actuated by enlightened self-interest.”” We see emerging the general desire 
of oil producers for efficiency in operation, which means low costs and high recovery. 
As shown by facts presented at this meeting, competition in drilling is in direct opposi- 
tion to efficiency in oil production, in that such competition increases costs and lowers 
recovery. The only route to conservation of this natural resource and also of the 
capital and labor involved in making it available is through unit control, which sub- 
stitutes cooperative, well-planned action for competitive, unregulated activity, 
forced by the individualism of a small minority of landowners or perhaps by a single 
operator. Or, in terms of actual experience, development of an oil field and its 
subsequent operation under unit control means the substitution of majority rule for 
minority rule, yet the minority enjoys to the full the resulting economic benefits. 

So far as it affects the public interest, unit operation of oil properties deserves 
unqualified approval. It means more oil from the same area over a longer period 
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and at lower costs—that is practical conservation. It means underground storage of 
oil until it is needed for transportation to market—that is ordinary thrift, avoiding 
the large economic waste involved in above-ground storage. It means an adjustment 
of supply to demand, rather than letting surplus supply stimulate excessive demand— 
that is both good economics and long-range vision. You may recall that President 
Coolidge in appointing the Oil Conservation Board said: “(Overproduction in itself 
encourages cheapness, which in turn leads to wastefulness and disregard of 
essential values.” 

If gas is considered along with oil, the case in favor of unit operation becomes much 
stronger. Gas has now come into its own, not only as a commodity of large value to 
the public and a by-product of large profit to the producer, but also what is of even 
larger importance, as the most efficient agent in producing oil. The escape of gas 
is therefore a twofold waste. And so it is that the new California gas law stands on 
good technology and good economics. That legislation was sorely needed in a state 
where in the later part: of last year, although nearly one billion feet of natural gas a 
day was being utilized, as much was blown into the airas wasused. In the Kettleman 
Hills in the same months nearly twice as much was wasted as was used, and now the 
ratio is even worse. Here, indeed, at present field prices, the gas with its gasoline 
content is worth much more than even the high-grade oil it brings to the surface. 
But prevention of such waste, which strikes at both the present and the future pros- 
perity of California, is difficult if not wellnigh impossible under competitive develop- 
ment and operation of the old-fashioned type. 

A happy sign of the times is the present activity of an engineering committee 
representing the operating companies at the Kettleman Hills. That committee, 
including several members of this Institute, after study of unit plans adopted or 
proposed elsewhere, has presented two plans—one providing for centralized control 
and unit management of the entire field, the other contingent upon full cooperation 
of the operators in allotting development and “holding production down to the mini- 
mum consistent with good practice.”’ 

The fact that the Kettleman Hills owners and operators face an injunction 
proceeding under the California gas law makes opportune this conservation move- 
ment, which was specifically provided for in the field agreement of last July. As 
has been suggested by Secretary Wilbur to the chairman of this committee, “If a 
properly worked out plan can be made a part of the court action instead of having 
something arbitrarily put on, it will mean a great deal.” 

This idea of self-regulation by voluntary cooperative action within the industry 
has been stressed from the beginning by the Federal Oil Conservation Board. The 
determination of equities among the owners and operators can best be made by them- 
selves if only the “intense individualists”’ can be made to see clearly that unrestrained 
individual action threatens their own profits. Insolvency is a high price to pay for 
perfect freedom of action. 

Moreover, the other phase of the question, the assurance that the public interest 
would benefit by unit control, has been fully discussed in the reports of the Federal 
Board. Evenin an oil field potentially as large as the Kettleman Hills the possibility of 
monopolistic effects of widespread extent need not be feared, but any imagined undue 
and harmful influence upon supply or price could and should be avoided, as was sug- 
gested to the board by Mr. Hughes as counsel of the American Petroleum Institute, by 
bringing the voluntary cooperation “always under appropriate and adequate govern- 
mental scrutiny.” The California law not only sanctions cooperation of producers, 
where nature has made the oil pool a unit, but in enjoining waste of gas this new 
law practically imposes some type of unit control. There need be no fear that observ- 
ance of natural and economic law is necessarily in violation of statutory law. 
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—-H.L. Donerry,! New York, N. Y.—I want to show you the spirit in which I come 


to these meetings, so I will hold up a white flag to let you know I come in the spirit 


of peace, and that there is no rupture between me and the men who belong to 
this Section. 

I want to put this one thought before the meeting for fear they might get the 
wrong idea of what unit operation is. When Mr. Hill speaks about these foreign 
pools being operated as units, I do not know whether there are any or not. being oper- 
ated as units, as I see the problem, because the unit operation of pools is something else 


- than mere geography. From what little I know about the foreign field—and I did 


know a great deal about it four years ago because I had searched the whole world, as it 
were, to get information on the subject—there was nothing then in the real sense of 
unit operation of pools where advantage was taken of all the possibilities that are 
presented, by preventing waste of gas, and keeping the oil always being produced 
from the oil horizon. 

I doubt whether any of us have yet gotten an idea of what the staggering wastes 
have been in this business; not only that, but I am very sure that by unit operation 
of pools all of these wastes can be prevented, provided we can develop the mechanical 
technique to take care of our very high pressure and very deep wells, in the matter of 
putting the gas back into the pool. 

I know there are a great many technical men in this business who have not 
known what I was driving at, and I think a good many have thought perhaps that I 
have been impatient, and that perhaps I did not know exactly what Iwasdoing. The 
truth of the matter is that I have had several pairs of pants ruined by trying to reform 
other industries I have been connected with, and I made up my mind when I started 
in on the oil business that I was going to accomplish it if I could without saying a word 
on the outside to the oil industry, and without saying a word until I had first con- 
verted the leaders of the oil industry. 

Probably I made a mistake; probably I should have taken the thing up first with 
the scientific societies. If the real science of the possibilities of the development of oil 
could be visioned, based on operation by units, the maintenance of the oil in the 
condition in which it is found in a virgin pool, the results would be so sensational that 
I do not see how anybody connected with the oil business, connected with any business 
that uses oil, or anybody having an interest in oil, could do anything but advocate 
that it be done in that way. 

I worked on the matter of trying to stabilize the oil business even before we got 
into the World War. I tried to do some work in connection with the war, and when 
the war was over Secretary Baker kindly offered to continue that work if I was willing 
to supervise it. Ihad been working very hard, so I said “Mr. Baker, I am just tired; 
I want to get arest.” But I thought there were one or two things I could start that 
would be important, and one of them was this matter of trying to bring about a reform 
in the oil business. I started to work in 1919 again, and started then by saying that in 
my opinion nothing could save us—in spite of the fact that we had a shortage of oil at 
that time and a price of $3.50—from an overproduction of oil that would probably 
continue until we had so exhausted the resources of this country that we would reach 
the point of permanent shortage where our supply would be insufficient to meet 


our own needs. 


1In view of Mr. Doherty’s pioneer work and early association with the plan 
for the development of oil fields as units and his insistence on better methods of 
conservation, he was especially invited to attend the sessions and to discuss these 
matters. The text covers the stenographer’s report but is slightly revised by Mr. 
Doherty, who was not able to give the time necessary to make a systematic presentation 
of his views.— THE SECRETARY. 
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Then I began to try to convert the people, and; 
about the work that went on behind closed peed or ; 
a good many years back, or with a special committee that was 
another special committee which was appointed—and finally the es the 
knowledge of the split among the oil men, which was first known in ) 
1923. So this is not new, and if at times I have seemed impatient, Iam sorry : 

But if it, has taken this long—and I know a great many of you do not agree with 1 
—to get this far, I am afraid I never will see the dream that I have always had i nmy 
mind that I would some day myself be the superintendent of an oil pool, and would | 
have a place that would be a garden spot, with nice homes, cottages, women end « 
children, and everything of that sort—which we can do. 

Our present method, I think, is wrong. I have learned from long experience that 
when men cannot agree it is usually a case, not where one is 100 per cent. wrong and 
the other is 100 per cent. right, but where both are wrong. In spite of what I may 
seem to a great many of you people, if I am wrong I am willing to be corrected, and 
here is the place for me to learn, and you will find me most amenable to reason. Yet, 
on the other hand, I do not mean to stand still and allow this thing to drag and be 
confused. Many men have known of this terrible waste in the oil business, but they 
have not had a specific plan to correct it; they have not had the determination and 
were not willing to sacrifice enough of their own time and effort to bring it about. 

I have been sick, as perhaps many of you know, for a long time. I have not seen ‘ 
my house or office for more than three years. I did make an announcement of some " 
of my work in 1925, because at that time the Federal Oil Conservation Board was 
trying to get information about the production of oil, and I knew that the men who 
were asked to reply to many of the inquiries that were on the questionnaire could not ™ 
possibly give an intelligent answer to those questions unless they knew that oil in a 
virgin pool was in an entirely different condition from the same oil after it is raised and 
in our tanks. 

That is something of enormous importance, and from that work I announced that 
part, and I went on and did other work, which I hope to bring out before your society : 
or before some scientific society. I think it will almost take you out of your seat to 
see how the oil pools have been made by nature, and it looks as if the aim had been to 
hand the oil to us on a silver platter. 

The criticism that I have not explained as much about this as I should cannot be 
made by the men who have sat with me in the meetings behind closed doors. I did 
get to the point where I did not want to discuss detail because you can wreck a plan 
by discussing detail. When they passed the Federal Reserve Bank Law they did 
not name the 13 cities that were going to be the regional cities, because they would 
have wrecked the plan if they had. I finally went to work and tore up every plan I 
had so that I could say conscientiously that I had no detailed plan, because I realized 
that I could not discuss the details until we were ready to say whether we wanted 
unit operation of pools first. 

I have been criticized for in turn criticizing the lawyers, and in some cases criticiz- 
ing the court. On the other hand I have defended repeatedly the courts with the oil 
lawyers. A court cannot supply the vital information necessary to give an intelligent 
opinion in an oil case—and all of our laws have been made by courts and legislatures, 
and where the legislatures have acted they have really acted on what has been done by 
the courts in almost every case. The courts could not supply this information that we 
did not have. They cannot supply something that the oil men have not yet learned, 
but we do know now, and this is as certain as I am standing here before you, that ee 
is no law of any state, providing for the production of oil, that is not in violation of the 
guarantee given to us by the Federal Constitution. You cannot develop, under the 
laws as they now exist, an oil property without depriving the other owners of that 
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property of part of their property, and that is one of the things that the Fourteenth 


Amendment undertakes to prevent. 

We must change those laws or else go through a long period of years of chaos and 
litigation. And how much better it is to frame something and pass it now. I have 
never been an absolute stickler for Federal legislation, but I have said very earnestly 
to the oil men, and I say so still, that they will see the day when, if they use state 
legislation, they will regret it and regret it terribly. Why did I want the Federal 
Government to settle this? First, thisisa national problem. It is not just something 
that we are interested in, although the oil industry has lost hundreds of millions of 
dollars by not taking hold of this thing and adopting it rapidly and quickly. Every 
other civilized government has taken hold of the oil problem. That does not mean 
necessarily that we can do it, because many of these governments are.not constitu- 
tional governments. But there is an abundance to permit us to do it by our Federal 
Government, in my opinion, and I believe that it should be done by the 
Federal Government. 

There are many and ample provisions in our Constitution not only to justify but 
make it the duty of the Federal Government to act. If it cannot be done under the 
‘other and more natural power it can be done by the exercise of the right of Emi- 
nent Domain. If we say, “All right, we are going to pass a law that compels the 
operation of these pools as a unit,” we certainly then have no problem with any 
federal law or any statelaw. We will say that if this constitutes a ‘taking of property” 
the people can appear and say to what extent they are damaged, and then we will 
take care of that, as is provided for in the Fifth Amendment of the Constitution, 
which says, ‘‘and private property shall not be taken for public use without 
just compensation.” 

Now when these people come around and say, “You have insisted that these 
pools be developed as units; in doing that you have taken our property,” we say, 
“Well, you are twice as well off, do you owe us money or do we owe it to you?” 

If the scientific men in the engineering part of the oil industry will start to figure 
out what is made possible by the operation of the pools as units, and the utilization 
of what has already been disclosed, keeping the oil in the condition in which it is found, 
there can be no argument about what we should do for the good of ourselves and the 
good of the nation. 

Tt seems to me there is a feeling on the part of a great many of the men in business” 
in the oil industry that they are to control the scientific activities relating to the 
petroleum business. I do not approve of that, and I do not see why this association 
should not go into anything that really lies in the realms of science and engineering, 
if for nothing more than to give themselves credit. 


CALIFORNIA 


L. L. BrunpRep,* Los Angeles, Calif. —Mr. Jensen? left out, I think, one important 
thing; that is, the few attempts that have been made to secure some cooperation with 
landowners by means of community leases. In a number of our fields we have as 
many as 25 or 50 of those 50-ft. lots thrown together, into one lease with the idea of 
drilling, one, two or even five wells to that number of lots put together. It has worked 
out well. Mr. Boyd can give a little definite information on a community lease 

that took place out there. 
ia 5 tas Boyd seks discuss the situation at Venice, where the Ohio Oil Co. has 
recently brought in a well of about 2500 bbl. on a brand new structure, right along 


the ocean. 


* Consulting Petroleum Engineer, Brundred & Brundred. 
2 Discussion of Unit Operation in California, page 69. 
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“and all lots in those blocks must be pooled into a community lease. Under such 


has not been due to lack of effort on the paraer : 0 
months a large part of the work of the petroleum engineer, | 
the large companies in California, has been in working out plans | 
unit operation on repressuring or drilling, and in selling them to 1 
Something has been accomplished, although we have rs little to which w 
as a real accomplishment. 

We have educated a great many of the operators to the advantage of unit o 
tion, and the example which Dr. Smith has just brought out, of the Kettleman H 
agreement, is going to be felt in added impetus to the other soo now und rr: 
consideration. ; 

Mr. Brundred referred to the community lease situation in California, which per 
haps was one of the earliest attempts at unit or near-unit operation in California. 

During the years of 1921 and 1922, when the fields of Signal Hill and Santa Fe 
Springs and Torrance were being rapidly drilled, several companies succeeded in 
getting together, through the agencies that were employed in collecting leases from 
various individuals, a number of community leases; notably, one of the General __ 
Petroleum at Santa Fe Springs, and one of the Union Oil, I think, at Long Beach. 

It soon developed, however, that the financial promoter was willing to pay bonuses 
for drilling sites far in excess of the possible value of the lots. This quickly put 
an end to the community lease idea, and the effects are still being felt. The idea was 
that the property owner is anxious to get a quick return, rather than long drawn-out 
revenue from his lots. There is a chance for some research work to be done on that 
subject now, to prove what the outcome really has been; and I expect to do that, if 
I ever have an opportunity. If we succeed with some of our committee work, I may 
be able to take up that branch of it. Perhaps it will be necessary to take it up before 
we can sell some of these ideas to operators. 

The other thing that Mr. Brundred referred to is the prospect of a compulsory 
community lease at the town-lot area of Venice—the beach lots offsetting the land of 
the Ohio Oil Co., on which a good producer recently has been brought in. 

The beach lots are restricted, and the city has authority to remove the restrictions 
as to oil drilling if it sees fit. 'The present plan is to allow only one well to a block, 
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considerations only will the city permit the removal of the drilling restrictions. 
The latest. development in that line, which is causing some controversy, is that 
the city insists on its proportion of the oil that underlies the streets and alleys. 


CoorprprRATION AND CONSERVATION 


H. C. Groren,} Norman, Okla.—There is one phase of unit operation, eooperation 
and conservation, that has not been brought out. It came to me in connection with 
some research work relative to A. P. I. Project No. 33, and in view of the great 
developments in oil reserves, it is especially, I think, worthy of thought. 

The oil man, even assuming that he will work and try to conserve our resources 
in connection with making a profit, has overlooked one thing. He is utilizing the gas 
to lift the oil where he can. Does it necessarily follow that he should do that, except 
that part of the gas which occurs in the oil recovered, representing the gas-oil ratio? 

For instance, say you have an oil field with 300 Ib. rock pressure. Why not take a 
field and make this experiment? Operate it with no well showing less than 300 lb. 


* Production Engineer, Richfield Oil Co. of California. 
} Director, School of Petroleum Engineering, University of Oklahoma. 
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a rock pressure at the sand; build up at a key well a pressure in excess of that, a pressure 
a sufficient to lift the oil; then, that being the case, you will have no gas coming out of 


the solution within the sand. You will get a flow similar to the ordinary flow of 


- liquids, or the flow of dead oil. 


The thing that retards oil flow, the thing that government engineers in the past 
have maintained as preventing us from getting most of the oil, is the gas that comes 
out of the solution within the sand and obstructs the flow of oil to the well. Why not 
take a typical oil field at this time and experiment with it? Of course, it would be a 


- difficult thing to do in the Oklahoma field, with 2200 lb. rock pressure, but if by doing 


it you can eventually recover three or four times as much oil, why not experiment? 
Perhaps if we did do that, the government would finally decide that our natural gas 
is the major natural resource and the oil will take care of itself, if the gas is 


properly controlled. 


H. L. Donzertry.—I am fully convinced now that there are other people besides 
myself who are thorough believers in unit operation of pools. 

There is one thing that I have tried to do for a long time, and you can consider 
the wisdom of it. I think it is a great mistake for the oil industry to speak about our 
present methods of drilling as competitive. I do not see how it can be spoken of 
as competitive drilling; it is more like warfare than anything else. 

When we try to change our laws or our methods, or when we are trying to not make 
it appear that we are violating the anti-trust laws, I cannot imagine anything worse we 
could do than to say we are mollycoddles and do not want to be subjected 
to competition. 

In other words, the present method of drilling is not competition, it is vandalism, 
and it ought to be corrected. 

Just one other point: Every industry, every profession is likely to adopt something 
in a careless way. I do not like to see “‘gas-oil ratio” used often in the sense that it is 
used, because it confuses me, possibly it confuses other people, who are even more on 
their guard than I am. 

I wish we could always think of the gas-oil relation in terms of the excess gas over 
and above the amount that is dissolved. That means that we must determine, 
roughly, the absorption of gas by each crude oil, for there may be no pool where the 
character of the oil and the character of the gas are sufficiently alike to know by any 
information we now have how much gas is dissolved in the oil except by 
an experiment. What we want to know is how much gas we are producing above 
that which is dissolved in the oil. 

The last speaker hit on something that is very interesting. Theoretically, he is 
absolutely right, and I have the figures to show that the great pressure gradient 
close to the well brings about the separation of the gas from the oil, and the gas springs 
into a gassy form occupying a much larger volume, and theoretically, you can choke 
back the nressure and keep that volume from increasing, and get a bigger production 
than with lower pressure. 

What we are doing mostly in what is referred to as unit operation is really nothing 
more than cooperation, and unit operation means very much more than that. 

You have probably heard often of that ‘decision of the court where one producer 
tried to enjoin a neighbor against excessive drilling. The court, not having any evi- 
dence before it that it was impossible for one property owner to protect himself under 
certain conditions from the drilling of his neighbor, said, ‘‘Why, the remedy is not to 
enjoin for excessive drilling, but to use offset drilling yourself.”’ That is impossible. 
If you had a stretch of land through an oil field, a very narrow stretch of land, in 
one case that I assume, which I think was fair in every way, one landowner would get 
32 times as much oil as he is entitled to receive from the land he owns. 
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It seems to me that so long as the matter of coop tio. 
not a compulsory matter, no one of us, if the law . he right 
bors, is going to forego his right to do it. = r i-e ‘ 
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DeriniTIOon OF Unit OPERATION 
J. B. Umpiepsy,* Oklahoma City, Okla.—The definition of a unit operation has 


taken considerably different shape in my mind as an engineer since this discussio n 
started. It now appears that the consolidation of the several geographic units ina 
pool is only the first step; only the basis for unit operation as the engineer is intereste 
init. The engineer as such is primarily concerned with unit operation as a means toe - 
reduce costs and increase extraction. y 

I mention this because if it is the will of the Petroleum Division that the unit 
operation study be carried forward into next year we need a clear definition of the 
phase of the general problem that we are chiefly interested in. It seems obvious 
that our chief contribution can be made in that phase where our conclusions have 
greatest weight by reason of our special qualifications, not overlooking perhaps the 
many corollary phases, but recognizing clearly that as engineers the engineering phase 
is properly our field. I mention this not in a desire to direct the discussion but as a 
thought that arose as the summary was being given. The subject of unit operation is 
open for general discussion. 


J. M. Lovesoy,t New York, N. Y.—Due to the demoralized condition of the 
industry as much as anything else, I think the matter of unit operation is now being 
considered by everyone connected with the industry. Committees have been formed 
in the American Petroleum Institute and in the Mid-Continent Oil and Gas Associa- , 
tion to study this problem. The Board of Directors of the American Petroleum 
Institute have passed a resolution favoring the general principles of unitization. 

The industry probably looks to the Petroleum Division of the A. I. M. E. more than 

to any other group for facts, and particularly technical facts, in connection with 
this entire matter, and I think that the Petroleum Division should lend every effort to ; 
assemble, publish, and distribute all the data that can be obtained on this impor- 

tant subject. 


CRITICISM OF REPORTED ADVANTAGES 


F. J. Fous,} New York, N. Y. (written discussion§).—I wish to confine my criti- 
cisms to the dogmatic statement of advantages of unit operation. I appreciate that 
it was necessary for the authors to state rather dogmatically their conclusions to put 
across their points. I regret that I can not be present in person to present the follow- 
ing, in order to show that many of their dogmatic statements are not warranted and 
that others require a much more considerable experience and gathering of facts than 
are now available on which to base conclusions. 

The heading ‘‘Producer”’ requires division into ‘Crude Oil Producer” and “‘Refiner” 
and then a consideration of points under each because the interests of these are not 
always the same. There appears much probability of fact in the following subheads 
under Producer: (1) Less capital investment required; (2) lower development cost; (3) 
lower operating cost; (12) saving on pipe lines and storage tanks (here it would apply 


* Geologist and Petroleum Engineer. Presiding officer at the time of these 
remarks. 

} President, Petroleum Bond & Share Corpn. 

t Consulting Oil Geologist. 


§ This discussion refers especially to the paper on Principles of Unit Operation 
(page 105). 
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to oil producer only, however); and possibly also in No. 6, under General Public 
Welfare “A longer period of dependable domestic oil supply.” 

No. 1 under Consumer—“‘Greater assurance of permanent and stabilized supply,” 
No. 1 under Royalty Owner—“‘Stabilized crude price structure, ’’ No. 1 under General 
Public Welfare—“A great industry better stabilized’”—are all part of a larger problem; 
that is, unit control if made general would be only one of a considerable group of 
factors necessary to stabilization of the industry and its supposed benefits. 

All other points made by the authors are open to question and some of them war- 
rant six question marks. 

As to the Consumer—lower average cost over a period of years involves the ques- 
tion of what period of years—certainly the consumer is getting gasoline at a price 
lower proportionately than he is paying for most commodities. In the instance of 
monopolistic control, unit control must tend toward increased: monopolistic control 
and thereby have just the opposite effect to that suggested upon both consumer, 
general public welfare, and also on the producer, especially the small producer of 
crude, and probably also will prove a detriment to the small refiner. 

Under Producer, No. 4—‘‘Products would be made more responsive to the pro- 
ducer’s needs’’—is open to question. It might prove helpful to some refiners, but 
will it equally to producers? Under Producer, Nos. 5 and 6, and under Royalty 
Owner, Nos. 2 and 3—“Increased acre oil yield’’ and “Increased gas value’’—are 
very much open to question and can now only be a matter of opinion. Much addi- 
tional fact gathering is necessary here.. 

Both in the matter of Crude Producer and Royalty Owner, interests we believe 
would be less salable, except in exceptional instances. 

The independent oil producer would, except where he controls the unit, have less 
actual control over his business than formerly—in fact, his interest would be more 
a minority interest than a business. 

More dependable crude supply to some refiners would be a correct statement. 
Saving on plant capacity might affect producer, chiefly in drilling equipment, and 
does not touch refiner. 

That the royalty owner has a reduced risk and an interest more salable is especially 
open to question, and if this is so it follows that it would not be a better collateral. 

Under heading of General Public Welfare, No. 2.—‘‘Stabilized labor conditions 
in the industry’’—would mean stabilized for a much smaller number of workers.’ 
No. 3., ‘‘Permanent neighborhood industries on account of steady gas-fuel supply,” 
because of distribution of new gas lines carrying gas great distances is again open to 
doubt. No. 4, ‘Permanent communities,” at best would be semipermanent, not 
permanent. No. 5 ‘‘An assured domestic oil supply for national defense,” involves 
very much more than what is suggested; it would require definite reserves to be 
maintained for government use in war only. 

A reduced speculative spirit would kill the incentive to production by any but 
refiners and make the actual cost probably higher to large refining units than now, 
since the small producer now bears a considerable part of such expense, because of the 
incentive of a possible rich find. Vast oil organizations and monopolistic tendencies 
would enhance rather than reduce, and thereby create a still greater need for govern- 
ment supervision, and finally small businesses would be greatly reduced in number 
instead of finding increased opportunity. i 

I am specifically opposed to this Division passing any resolution which would 
approve unit control, because the accumulation of data thereon has just begun, 
so that our facts are still meager on factors such as reduced cost, especially meager as 
to recovery. Besides, it is out of keeping with this body, largely a research and fact- 
finding organization, to sponsor a resolution covering points that belong to executives 
for decision, or are of a propaganda nature. I am heartily in favor of approving 
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‘pool than from a competitive pool. There are already sufficient unit pools, especially 


and also of se a 


Bt. 
J. E. Poaun,* New York, N. Y.—Will you pase 
objections offered by Mr. Fohs? It seems to me that rir 
is the most important new trend coming into the oil situation. : ro 
that this trend will continue and that we will ultimately be proceeding on the y 
of unitization as a matter of course. By the process of evolution alone we 
with unit pools, for the reason that competitive pools will be depleted more 
than unit pools. If unitization gave the industry no other advantage than the 
of greater ability to retard the rate of extraction, unitization would appear am 
justified, not to mention | the fact that oil can be produced at a lower cost from a unit 


abroad, to set up the economic force of differential cost, which is perhaps one of the 
most powerful forces in economics, and this force is inevitably working in favor of 


further unitization. = OF 


C. P. Watson, t Fort Worth, Texas.—It has been careeeet that this body confine 
itself to a fact-finding body. Had the engineers confined themselves to fact-finding in 
connection with gas-lift in the Seminole field, we would still have been in ignorance _ a 
as to the possibilities of gas-lift. I think the same thing applies in this question of 
unit operation. : 


J. B. Umpiesy.—That point is well taken. 


E. R. Littey,{ New York, N. Y.—I agree in part with Mr. Pogue. I agree also in 
part with Mr. Fohs. There are two important questions. One is the question of 
the desirability from an engineering standpoint of operating a pool as a unit. Of 
that I am entirely in favor. The other is a question of economics. Immediately 
after the widespread use of the unit system of development, we should anticipate better 
prices for oil and more returns from investments in oil-producing and royalty proper- 
ties. However, there is a question as to whether this betterment can be considered | 
as of more than temporary value. Let us not forget that there are many companies 
producing in foreign countries under the unit system of operation, and that they are 
all producing large quantities in a depressed market today and are expecting to produce 
large quantities next year. 

I do object to the term “unit operation”’ as it is commonly used in the oil press 
today; namely, as a “cure-all” of the ills of the industry. It is a step forward; it is 
an ideal for an engineer, but it is not going to cure overproduction, let us not put 


ourselves on record as supporting unitization as a cure-all. As an engineering 
ideal, fine! 


; 
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J. KE, THomas,§ Fort Worth, Texas.—May I ask Dr. Lilley to name one, just one 
unit-controlled oil field in a foreign country, which is planning to produce a larger 
quantity of oil on a depressed market next year, because I want to sell that stock short. 


HW. R. Lintey.—The Anglo-Persian Oil Co. will. 


H. L. Dourrry.—I did not intend to speak again but I always want to be helpful 
if I can be helpful. I do not want to crowd my views on to anybody who does not 
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2 _ want to hear them. I would suggest that the audience be divided into two groups: 
___ the ones who believe in some of the things I do, and those who do not. Then I could 
speak in proper terms to both. 


I have made an effort in some cases to make my work recognized, because other- 
wise it might be thought that I had tried to put over an impractical plan and that 
I could not be potent or helpful in some of the work I still hope to do for the good of 
the petroleum industry. 

_I want to start basically by saying that the petroleum industry has had many 
years of very trying conditions, and for fear someone will be mistaken and feel that 


' Tam not actuated by the good of the industry I will say that for 10 years, to the knowl- 


edge of some of the men in this room, I have predicted with accuracy just what has 
happened. Having believed that, I have governed our oil operations accordingly. 
I wish even those men who have been unfriendly to me and have made it difficult 
for me to express my ideas could also have seen the possibilities of this trouble. I 
feel sorry for those men, as we know there are many who are on the edge of the abyss 
with this last cut in the price of oil, and I would like to see this industry where it does 


~ not have to cut its own throat. 


This industry is in serious trouble; it has been in serious trouble for a great many 
years. Certainly we cannot stand here and say, ‘‘ Well, this is no concern of ours.’ 
I was astounded when one of your prominent members said that the proposal for the 
operation of pools was so new that we knew nothing about it. He virtually said, 
“Tet us delay action.”’ We say we have not got the time. 

If a man came to you and said, “‘I am hungry, I must have something to eat,” 
and you said, ‘‘Come around next harvest and I will see what I can do for you,” 
that is what you would be doing to men who are facing bankruptcy in the oil 
industry. 

The work that I have done has been nothing that I particularly want any credit 
for. I started into this work. I carried it on to the point where my own reputation 
was involved, whether I was sincere and whether I was honest, whether I was practical, 
and whether it was a proper thing for the industry. If any plan can be suggested 
that will take care of the difficulties of the petroleum industry I will be the first one 
to endorse that plan and use it. Not only that, I will support that plan even if it 
is not equal to the plan I have suggested. I had nothing to gain from this. While 
my associates and competitors were busy grabbing for money I worked on it to my 
own detriment. 

In the first place, I would like to be known as a scientist and engineer. Some of 
us do not have the good fortune that many of you men have had and perhaps my work 
has not been sooner recognized because I am unable to speak the technical academic 
language you expect to hear. I have not been inside of a schoolroom since I was 
12 years old. Necessity has often compelled me to do various kinds of work. Not 
only that, but I have had other things to look after and take care of, and I have 
had to devote a great deal of my time to business. However, I have always tried to 
contribute what I could toward scientific development and good engineering, and 
I am doing that now although I have been through a very long period of inability. 
I am back on my feet and I hope I can do something not only for the industry but 
something for the related industries as well. 

Dr. George Otis Smith has hit the nail on the head. In trying to make a different 
plan for the development of oil, I have merely tried to get in harmony with nature. 
No man in the world can divide this oil in the way we divide our surface rights, and 
while I do not care particularly what word is used, I might say to you gentlemen who 
suggest the word ‘“‘cooperation” that after my opponents had condemned the idea 
of the operation of pools as units as I first suggested, and later as the unit operation 
of pools, they then coined and used the word ‘‘cooperation”’ for some time in the 


P ? ae 
development of pools; or applied the word “coop 
they have abandoned that. I do not know why. You 

I care not what it is known by. I do know that the best engine 
cannot do proper engineering work and get the recovery of oil that he sho 
the gas or things of that sort, unless that pool is operated as a unit. No matter ho 
good an engineer may be, he cannot do it by operating oil pools as they ar 
operated now. j a on 

I am not striving simply for the intelligent operation of pools; I am striving for 
the least possible—I was going to use the word “conservation” but if that is objection- _ 
able to some I will omit it—waste. In Mr. Oliver’s paper,? although it was not — 
brought out at the meeting, one pool was mentioned at which a core from a drill 
showed 94 per cent. of the oil still remaining in the sands. I have good reason to 
believe, gentlemen, that practically all of that oil can be taken out. Instead of 
leaving one barrel of oil in ten, as has been done in a good many pools, we can take 
nine out and leave one or less there. Not only that, but I believe we can save all the 
natural gas. I doubt whether there is a man in this room who has any comprehension 
of the gas that is wasted. I doubt if there is any man in this room who has any idea of 
the importance of gas in relation to oil. Iam going to try to get definite knowledge 
of it, but unfortunately I cannot get sufficiently definite knowledge about the oil — 
business to speak about it without being in danger of being contradicted simply 
because accurate and definite observations cannot be secured under the frenzied 
methods we are now forced to employ. 

I do not believe there is a man in this room or in the oil industry who can tell the 
pressure of a single well, make it stick and prove that he is right—that is, the pressure 
of the oil in the ground—because as the pressure is measured I do not believe it is 
accurate. Therefore, I have not been able to use the pressures reported to me with- 
out the fear that others would dispute them. But I want you to know the relative 


ba 


importance of natural gas in oil. I suggest that you take all the oil, as I have tried to 
do in Ohio, that was ever produced in Pennsylvania, New York, Virginia, and Ken- 1 
tucky, and then contrast that after reducing it to an energy value to the amount of ny 
energy produced in the form of gas in those same states. : 


We had a poolat Smackover. I bought a majority interest in a company that had . 
a little gas company down there. They found a lower oil-sand and dissipated all the 
gas in a few months and we had to run a pipe line to another gas field where there 
was no oil, for there was not enough gas to be had in the Smackover field even to 
supply fuel for oil well drilling. At Cromwell they dissipated gas at a rate of 1,200,- 
000,000 cu. ft. a day, equivalent to 200,000 bbl. of oil or 48,000 tons of coal. These 
wastes cannot goon. I believe the industry is endangered by permitting it. This 
whole thing has unfortunately got off on a basis of prejudice, which I did not cause 
but which came about through other things that I had nothing to do with. Yet I 
have been compelled as it were to be the “goat.”’ 

My work in this thing has been most interesting. I have not brought it all out. 
I will do it and try to make it as beneficial as I can to those who want to pursue this 
work, and if it is of no value I want at least the courtesy of being told why it is of 
no value, not simply a broad sweeping condemnation of it. Iwas astounded when I 
was called before the Federal Oil Conservation Board, to have one of our Petroleum 
Institute directors deliver a most impassioned speech on the benefits of cheap 
gasoline to the public. He warned the members of the Federal Oil Conservation 
Board that they should do nothing that would prevent a low price of gasoline. Well, 
if that man was honest and sincere and wanted to put down the price of gasoline and 
keep it there he was certainly successful. 


2 See p. 105. 
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I still claim that every advantage that has been cited for the unit operation of 
pools is true. Ido not think there are any disadvantages. I want to get away from 
any prejudice I may have. I keep constantly thinking I must be wrong because 
Iam constantly saying about every other controversy that when you see a controversy 
that lasts a long time it is a case probably where both sides are wrong. Why have 


we not been able to agree? Because the oil men after talking to me for a while 


would not talk to me any more. Even when I told them I had to go to the Govern- 
ment to prevent this waste they laughed at me. They did not think I would get 


any place. 


Then since we did get some place, when we took the thing up before the Board of 
Directors in the meeting in 1923, after it had been under discussion for a long time— 
and nobody seems to realize that—they have never given me a chance to talk. I 


am not allowed to talk to the lawyers. When they hired special counsel to go before 


the Federal Conservation Board I was there to answer him, and they all know it. 
They would not even give me a brief and the counsel walked out before I could ask 
him a question. 

At the Fort Worth convention of the American Petroleum Institute Tom O’Don- 
nell took all of his presidential address to attack me and attack my plans. Then 
Judge Beaty got up and made another speech. I thought it was about time, in 
justice to what I believed was right, to ask to be heard. The audience was willing 
to give me a chance to be heard. ‘The directors said, ‘No, you will have to reply 
behind closed doors at Colorado Springs.”’ 

If I have been allowed to talk at all it has been behind closed doors. Iam able 
to buy and am willing to buy space in the newspapers to talk. I have been refused 
the right to buy space in the oil newspapers. They are willing to let me have the 
space and probably they would be willing to let me write a report or a discussion of the 
report of Committee 11 if they could dictate what I should say. When the oil jour- 
nals tell me I cannot have space unless they can censor my copy they are just going 
to drive me to use other papers. For instance, all the oil men have aired my faults 
and such things and I in turn have had to respond in the best way I knew how. I 
do not see why that is necessary. I do not see why a few of us could not have sat 
down together and have been fair and sincere with each other, and have agreed what 
was the thing to do. 

Do not forget that no man has brought out a single thing to take care of the ills 
of the oil industry, which have been terrific. Why could we not have sat down and 
talked it out? I have not been vicious, or anything of that sort. I did say, and I 
mean it, too, that I am going to carry this thing through if I have to fight. I hope I 
will not have to, but I have gone through this campaign for years and no man can 
point to a single statement that I have made that I cannot make again. I defy 
them to repeat the statements that they have made. What an organization like this 
wants is the truth. 

When I was trying to talk to these men, and we were behind closed doors, they told 
me there was no waste; they told me there was no overproduction, and they told me 


- many other things. The next day they said, “‘There is no waste; there is no over- 


production. Didn’t you hear us vote ‘yes’ unanimously that there was not?” 
I said, “I could not say that today even if I voted with you.” The voting went 


on for two days 34to 1. The next meeting it was 29 to 1, and they told me there was 


no waste, no overproduction; there was no nothing. 


This thing has gone on for years. When I said, at Altantic City, ‘‘Gentlemen, 
your own engineers will not back you up in what you are saying to me,” one of them 
said, ‘You bet your life, my engineers will!’ And that same thought was echoed 


through the minds of more than half of those men. 
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great calling. I have said without. 


I may be a poor engine 


that you could write above the door of the research labo 
perhaps any place else, ‘“This is the place where we search for the tr 
what every scientific man must do, every engineer must do. No man cor 
testimony or what I did as an engineer, no matter who paid me, and I 
engineer and I have needed my salary and needed it very badly, too. = Sal 

I will say I am wrong if you will show me where I am wrong. What I have st 
to do is make it possible to get the oil out and do it along sane lines. Perh 
of you men could have done the work I have done and done it much better. I 
to many technologists and said, “How can you have a well of this size, a flush proc 
tion of this amount and, on the other hand, your tests in the laboratory show such a 
slow movement of oil through the sands that either one or the other cannot be true,” — 
but they never told me. I sat down and figured it out for myself. 1 - -$ 

Then I went to work and had the pressure apparatus built to show what did it, — 
and it showed pretty plainly that at least the gas was an enormous factor, and there 
was such a remarkable change in the viscosity and behavior of the oil that it could _ 
account for the size of our flush wells. Unfortunately, I had to announce that work a 
long time before I was ready because I felt it was only fair to the men who were trying 
to answer the government questionnaires. Nobody could answer those questions — 
and give the right answer to them unless they knew the condition and behavior of oil 
in a virgin pool and nobody knew some of these most important facts until I disclosed 
my work in a letter to the Federal Oil Conservation Board in July, 1925. 

I have had a quarrel with all the lawyers. They have lined up the whole legal 
profession against me. They have backed away from their original assertions one by 
one and they have to back away from all of them, because I have stood on this unit 
operation of pools largely because I knew I was in harmony with nature. Men can- 
not make laws; they cannot do engineering contrary to natural Jaws. There is no 
law today on the books of any state in this Union that permits the development of oil 
pools without one man depriving his neighbor of his property, and those laws cannot 
stand with the guarantees in our Federal Constitution and the scientific knowledge 
we already have. We must have laws relating to oil as a property the same as other 
laws, and I for one do not want to go under the police laws of the state. They are 
dangerous. They are in a way that you can violate both the state constitution and be 
supported by the state courts, and violate the federal constitution and be supported 
by the federal courts. 

I want legislation defining the ownership of oil properties as clear and as free fram 
interference as when you own a building on this street, and much freer, because the 
principle in law has been established long ago that one neighbor cannot use his prop- * 
erty to the detriment of others. : 

I know that a great many men, men for whom I have a great respect and very 
high regard, do not believe in some instances as Ido. Mr. Oliver, for instance, does 
not believe in compulsory operation of pools by units. But our present laws cannot be 
sustained. We must have some laws, and we will have to have that kind of a law, 
in my opinion. If we go to the state courts for laws we will not get uniform laws 
or good laws. If we go to our federal government, we will at least have harmonious 
laws. We know the federal government can better tell how to pass those laws than 
the states can. We know that every other civilized country in the world is making 
oil its principal problem. Our government must be loaded with the responsibilities 
of our oil problem. There are good reasons for it; I could tell a whole story on that— 
about how one nation took away an American oil deposit where the practice is in 
absolute violation of its agreements with our government, and our government would 
not move a finger to protect us. That nation was the one nation of all others 
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. we would sooner not see have an adequate supply of oil; especially obtained in 
that way. 


We cannot expect the men who have a right by law to rob their neighbors to refrain 
from that right when they have been robbed themselves yesterday and may be robbed 
again tomorrow. I have shown—and I do not think any of you engineers would 
disagree with the figures—that a man owning a small piece of property, we will say a 
narrow strip, can get, under certain assumptions that I had to take and which I think 
were entirely reasonable, 32 times as much oil as the amount that originally lay under 
his property. 
~ Now how are we going to get voluntary cooperation when a condition like that 
exists and when one man is empowered by law to rob another? So far as we now 
know there is no way to cure all of these evils except by operating pools as units. 
Every pool you go into isa new pool. You have a new set of landowners to deal with. 
You must not only get the consent of all the lessees but you must get the lessors, 
you must get the property owners to agree. You must educate a new group of 
property owners in every pool you go into. 

I stand now as I have always stood, ready to try and plan, help, do anything I can 
to relieve the bad conditions that exist in the petroleum industry. I am willing to 
support anybody else’s plan, but I want to say just one word: that the men who are 
neither getting a plan of their own nor coming out against the plans practiced at 
present are the greatest enemies in the progress we may make in this direction. Get 


on one side of the fence or the other, and then we will know how to act. 


J. B. Umpitespy.—tI thank Mr. Doherty on behalf of this organization for his 
discussion. I may say in passing that in my opinion no published contribution 
has influenced thinking on the subject of reservoir forces more than the one that came 
from the Empire organization on the relation of gas and oil in the sand. I under- 
stand from the men who did the experimental work that Mr. Doherty defined the 
problem in detail and that he is the man who should receive chief credit. 


Cautious Procress URGED 


E. Outver,* Ponea City, Okla.—There is a word of caution I wish to urge. As 
in all new movements, mistakes will occur and prejudice will be thereby aroused, all 
because of lack of understanding on the part of some operators of dangers to avoid. 
A certain engineer in whose judgment I have much confidence opposed the idea of unit 
operation because of the way he thought it would work out; namely, that in many 
cases only a few wells would be drilled on the structure to test it out, with the idea 
of holding the structure mainly as a reserve; that these few wells would be operated 
and through them the gas would be permitted to escape and the pressure would be 
gradually lowered on the reservoir without much oil being removed. Of course, 
in that case the oil intended to be kept as a reserve would be deprived of the pressure 
necessary to move it through the sand when its extraction was desired. With lowered 
pressure gas would pass out of solution and the oil would likewise be more difficult 
to move. In this I think he pointed out a real danger. 

One of the first things we should attempt to do in promoting unit operation is 
to get across the idea of the importance of maintaining pressure on the reservoir at 
all times, There is danger that we are likely to influence operators into blocking 
up acreage and drilling a few wells, keeping the remainder as a reserve, and through 
those wells gradually letting the gas escape. Naturally under those circumstances 
they will not get the oil later. 
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E. R. Litey.—I am sorry that the ord ¢ 
operation discussion, I can visualize Brazil overw! 
high with nitrate, the difficulties of the British attempting | O cor 
of the rubber combination, and the breakdown of the Anglo- talian 
organization. However, I am not entirely a pessimist. 

There is one thing that does not seem to have been brought out. Possibly re 
years ago, the quantity of oil in sight was as great in relation to the demand as t 
quantity in sight is today. In the intervening period this was not true. In 1920, we : 
were decidedly afraid of the situation. There was not enough oil in sight to guarantee 
continuance of the oil business. Because of this, land that was thought to have oil 
possibilities was given high speculative value. Since that time we have added steadily 
to our supplies of proved reserve and potential oil lands. Yet, some individuals, or * 
some groups in the oil business, have maintained this high speculative value on © 
oil lands. 

The periods of overproduction are felt first in the less organized portions of any 
chain or sequence. In the oil business the producers were hurt first; the effects 
upon refiners and marketers were not felt until later. For some reason purchasers 
of crude, that is, refiners, seem to have failed to realize that the quantity of oil in 
sight is tremendous. We have plenty available for the next five years and, in addition, 
much for the years following. This means, of necessity, that we must revise our 
methods of evaluating crude. Those who have been making money despite over- 
production, namely, the refiners and the marketers, are now feeling the effects of that 
overproduction despite the superiority of their organization over that of the producers. 
The optimistic note in the whole chain is sounded by the fact that when the last 
of the chain begins to lose money the true remedies are applied and profits are again 
in sight for all. 
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A. C. Lann,* Tufts College, Mass.—I do not think you ean avoid the word “con- 
trol” or something equivalent. Years ago, when I was state geologist of Michigan, 
a man had a flowing well and his neighbor down the slope put down a well which 
flowed a 2-in. stream, to feed one cow and five horses. The neighbor up the slope put Z 
in a plug, which left plenty of water to keep the trough full, but there was feeling 4 
between the two neighbors and the other neighbor knocked out that plug. The : 
result was there was a law passed through the Michigan Legislature that to waste : 
water under those conditions was a tortious act. This means you can get a legal ' 
remedy for it. ., 

I remember also that something like a quarter of a century ago I told the people 
down in Saginaw there was a good chance of getting oil and gas underneath them. 
As a matter of fact, at a dinner at which I was called upon to speak, at one o’clock in 
the morning, I remarked that if they ever ran out of other fuel they could strike a 
flow of gas. But I also said I hoped they would not strike that oil until they had 
changed their state laws to prevent overproduction, because that oil field was directly 
under the city of Saginaw, which was all cut up into city lots. 

It took them some time to develop the oil field, but they did not change their 
laws, and the result is about 300 wells were put down where they would have made 
good profits on 20 to 50, I doubt whether many of the stockholders have got their 
money back. Again one farmer can hold out and refuse to lease. Then when a pool 
is struck he will get more for his lease and he will tell all the other farmers what fools 
they were to go in sooner. 

Of course the compulsion, the control, has got to be both ways. If you will tell 
a man who will now stand out from your unit that he cannot go ahead independently, 
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you must also give him some sort of a right to get his share of the unit. But after 


all you must have a certain amount of control if you are going to have the most 
economical management of the property. 


Financia, ADVANTAGES 


L. W. Mayer,* New York, N. Y.—Listening from the sidelines, there is one thing 
that impresses me; that is, attending these meetings almost every year for a long time, 
there seems to be considerable uniformity in hearing these very depressing remarks. 
I think we have heard them now for at least five or six years. On the other hand, it is 
hard for the outsider to reconcile this depressed condition with what seems to be 
increasing profits by the oil companies, reports of which have come to our attention. 

Of course we do not see the reports of all the oil companies, and I suppose the 
answer is that the industry as a whole perhaps is not as profitable as it appears from 
the particular reports that are published most widely. However, the situation is 
probably no different from any other, and the impression is definite that the industry 
isa profitable one. If the reports are not correct, of course that is something we would 
want to know, and if they are correct, then why all the depression in the oil industry? 


M. G. Cueney,t Coleman, Texas.—Following that idea, I wonder if we could not 
hold one of these meetings in September or August, when we are using most gasoline, 
giving these economists more cheerful current figures to work with. 

I think all of us will go home to our respective duties more and more impressed 
with the benefits to be derived from unit operations. I might speak as one represent- 
ing the smaller operators. Dr. Lahee reported practically all smaller operators 
opposed to unit operation. We have been in four unit operations during the past 


- two years and highly endorse them. Our own experience is particularly satisfactory. 


However, unit operation is still in the test period. It is a new thing and hence is 
being watched especially closely by all operators. I have talked with and tried to 
learn the opinion of our several partners in these units. For the most part the results 
appear highly satisfactory. It appears to us that the success and adoption of unit 
operation rests to a large degree on how much good faith is used in its administration. 
The controlling operator must carry on carefully as to costs, for an overcharge, while 
insignificant compared to the advantages gained, being unjust is bound to create 
ill feeling. ‘ 

' The operator and all interest holders must use good faith in all respects. We 
note that some of those who urged us to go into these unit operations do not seem to 
play as fair as they might. On blocks owned or controlled entirely by them we read 
that they drilled during the past year 44 wells on one block and on another block 77 
wells during the second half of 1929 (just prior, incidentally, to discovery by them 
that too much oil was being produced and that crude prices must be cut) yet strenu- 
ously objecting to activity on our block in which they held about 10 per cent. interest. 
As a result of such attitude on the part of major companies, although many proved 
locations in shallow sands remained to be drilled, but three wells were drilled on our 
2000-acre unit and these apparently only because offset requirements had to be met. 
If these larger companies are really as interested in unit operation as they profess to be 
they should show good faith in their apportionment of operations on all blocks in 
which they are interested. The main objection to drilling on the 2000 acres was that 
the oil was not needed. This objection to drilling should apply to the blocks owned 
by two operators or one operator as well as to blocks in which each has only 10 per 
cent. interest. Smaller companies have but few properties and must depend upon 
reasonable development. Perhaps inclusion in the unit contracts of a minimum rate 
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of drilling would lead to less friction from this cause. As stated above, unit operation 
is undergoing its critical test period. Its widespread adoption is doubtful, partic- 
ularly by’ the smaller operators, unless all interests feel confident that such coopera- 
tive work will be carried on entirely in good faith on the part of all. Personally, we 
are highly in favor of unit operation and confidently expect to see its adoption gen- 
erally by both large and small companies and operators. 


C. P. Warson.—Is it not the idea of this meeting that the question involved is 
to show the economic benefits, rather than the legal and physical difficulties in putting 
into operation the unit method of development? 

Regarding Mr. Mayer’s remarks about the profits of certain oil companies, perhaps 
the engineers are attempting through efficient methods to show even better profits 
than the financial statements which he examined. 


L. L. Brunprep.—At first it might appear that I spoke a little bit hastily about 
the situation in California, but I just received a telegram from my brother in which 
he says things looked rather blue. We too have endorsed unit operation. It is 
just as sound in our opinion as the old adage that we eat to live rather than live to eat. 
We have a situation at Santa Fe Springs that I would like to bring out. Mr. Doherty 
covered the situation in the abstract. A well there was producing 800 bbl. flowing 
perfectly clean oil, 32.5° gravity, nothing wrong mechanically with the well, and just 
because somebody else about five or six lots away drilled deeper and happened to hit 
the top of a new zone, but had not produced it yet, this 800-bbl. well was killed. I 
happened to be at the derrick when the order came down to kill it. 

Take also the Meyer zone, probably 400 ft. thick, perfectly good, very little water 
encroachment, nothing to damage it at all, and yet it was mudded up and ruined for 
future production in going down for the ‘‘big stuff.” The answer was at that time, 
“Yes, we can go back to it.” I think engineers who have had actual experience in 
the field know that it is difficult to go back to a well that has been mudded up in 
that way. The same thing happened at Signal Hill time and again. I happened 
to be on a well that was killed making 1200 bbl. I know of a whole lease in which 
about 2400 bbl. were completely abandoned because somebody else with a little bit 
stronger urge, with a little bit tighter purse string, went on down, forcing this 
company to do likewise. 

In the Meyer zone, at Santa Fe Springs, we had a production of 35,000 bbl. per 
day. What have we today? Practically all of it is gone because one company goes 
down and uncovers a new zone during an economic depression. Then it was “‘off 
to the races.” It was just whoever could find the deepest zone. The last attempt 
now is down around 9300. Any “auditors” who tried to pay for a 9300-ft. hole 
would soon realize that good-sized production is needed to do it. 

There is a contributory factor in California; that is, the way oil is purchased. 
Oil is purchased first in the Eastern states on credit balances and they have a control 
over the situation, not only through price but by storage charges. When oil is put 
into pipe lines, you have to pay fixed monthly storage. 

In the Mid-Continent it is purchased on division orders. The pipe line reserves 
the right to prorate, and does so. There are two controls there—proration and price 
reduction. In California, the bulk of the oil is bought under contract. In many 
cases no matter what the size of the property, 10 acres or 100 acres, the purchasing 
company has to buy every single barrel of oil that is taken out of that property, and 
it gets to be a serious matter when there are 4000, 5000 and 7000-bbl. wells on four 
or five lots. 

That is what the oil companies out there are faced with. They tried first curtail- 
ment of Santa Fe Springs. That did not work. Then they tried a state-wide 
curtailment, which did not work, and all the time purchasing companies were doing 
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their best to stave off this deplorable condition. Finally they could not stand it 


any longer and they let the producer have it!—forty and sixty-cent oil! 
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Necessity is the mother of invention, and a good many of us after we had been 
burned on a stove did not say, “Well, we will do it again.” We kept away from 
that stove. The California operators as a result of that drastic price cut are struggling 
to get the situation into hand again. 

They are now trying a state-wide curtailment again. We hope it will work out. 
California, unfortunately, is the key to the situation; atleast I think Mr. Thomas 
and some of the other economists would agree to that. 

Our storage situation is another angle. A short time ago we had approximately 
40 odd million barrels of storage of which only approximately 20,000,000 could be 
used at the present time on account of the condition of the tanks. Of that, a very 
large percentage is earthen storage. You can not run 32°, 35° gravity oil into earthen 
storage. Therefore much of the light oil was run through refineries so that the fuel 
could be stored in earthen tankage and the smaller percentage of light stuff stored 
in tanks. They had to put it somewhere. What are they going to do if the situation 
breaks out there? Nobody knows. If it breaks, the purchasers of crude must take 
the oil. Where are they going to put it? It is a serious situation. 

Mr. Mayer says perhaps we are all pessimists. I have always considered myself 
an optimist, but not in the present situation. Yet, all of us are enough optimists to 
hope sincerely for the best. 


H. L. Douerry,—I have felt greatly discouraged because some men seem to 
believe that the unit operation of a pool means simply an extension, a little extension 
geographically. Merely having a pool as a unit does not mean that it can be operated 
economically. There are not only leases to deal with but separate property owners 
to deal with, and they can make a great deal of trouble. The courts have decided 
two or three times that an operator is entitled to the oil that underlies his ground. 

There is another point I tried to bring out earlier. We must have learned even 
here that words can offend people or prejudice them and can have a great effect. 
I wish I could induce every man who wants to improve the conditions of the oil 
business not to speak of our present drilling methods as competitive. I hold they 
are not competitive. They are in the nature of illegal warfare, and the petroleum 
industry is not seeking anything more than that it shall not be subject to hardships 
and unfairness, conditions which do not prevail in other industries. 

I still make the statement, regardless of what anybody else does, that there is 
not a single ill of the petroleum business that will not be cured by the unit operation 
of pools, except those ills which are common to other lines of business and these ills 
we do not ask any government to cure for us. I think there has been a grievous 
mistake made on the part of those who tried to use the oil business to bring about a 
change in the antitrust laws. They will not do it and they are simply going to bring 
censure on the oil industry. 

I doubt whether the oil companies are doing anything illegal that requires a change 
in those laws. When you say you want to have the right to modify those laws 
because you cannot stand competition, the man on the street does not understand. 
If you tell him one property owner can rob the other, he understands this and can 
understand why we want to change our laws. I would like to get away from the 
word ‘‘competition.” 

The other point I was going to make is not very important. I was glad to hear 
some of the other speeches. I have learned a great deal. One of the things I wanted 
to do was to find out how the men looked on unit operation of pools, and I am afraid 
from many of the descriptions that in many cases they have not understood what it 
meant. No engineer, no matter how great he is, can operate a pool and get all the oil 
out, and do it at the lowest possible cost, without being able to operate his pool as a 
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Mr. Doherty, to have unit operation made compulsory in every. 
by a federal or state law? » As an engineer, I know that unit opt ; 
ical. I have seen one of the greatest fields in the world (th Mene Grande 
operated under a one-company system in Venezuela, and I am satisfied | 
one of the finest examples of efficient oil production to be found anywhere. 


down to four strings of tools. As time goes on we will have more and more similar 
examples of this irrespective of any help from our lawmakers. 

I just want to know, Mr. Doherty, if the plan you advocate comprehends hee © 
sion by the federal or state governments. The engineering phases of this question 
are one thing, but the relationship which unitization as a compulsory policy would | 
have to basic American principles is quite another matter. A great deal of money 
has been put into the oil business by well-informed persons who were thoroughly — 
familiar with the rules of the game and could have kept out had they so desired. 
Now these rules already allow and always have allowed groups to pool their interests  __ 
or unitize, merge, cooperate, or whatever other word expresses a get-together. 
Inasmuch as there is nothing to prevent unitization, and as unit operation is in general 
an economical thing, is it not reasonable to expect that with the dissemination of 
more accurate knowledge concerning the benefits of cooperative oil production, these 
matters will work themselves out naturally and without the necessity of making any 
dangerous experiments in the direction of revising the basic rules? 

Were we just starting up the oil business we might conceivably include compulsory 
unitization as one of the rules. Unfortunately, we are 50 years too late with any 
change of these rules that, however beneficial to some, could conceivably shove a 
good many others into the bankruptcy court. This latter is no idle objection, as — 
I am thinking of the man who hits his oil with the last dollar his bankers will loan him; 
also the fellow even worse off who is down to the same negative financial position 
and has not yet even found any oil. I maintain that we should let this entire question 
of unit operation take a natural course; that is, natural with respect to the economic 
needs of the individuals rather than attempt to attain by law any theoretically perfect 
harmony with Nature herself. ~ 

Dr. George Otis Smith has told us in graphic terms how an oil pool, so far as nature 
is concerned, isa unit. That is true, of course, and there should be a tendency on the q 
part of industry to work in harmony with this basic fact. Even some pressure could 
be brought to bear on the industry to adopt this veiwpoint if we had the right sort of 
machinery for doing it. In my opinion, however, the only workable machinery would 
be a dictatorship—a just and benevolent one, of course. For example, if we could 
have a man like Dr, George Otis Smith clothed with adequate power for the proper 
regulation of the oil industry I, personally, would be very hopeful of the results, as 
I am sure his sense of fairness and his knowledge of the naturalness of human nature 
would prevent him from changing the rules too fast merely because of an academic 
desire to emulate the perfection with which nature may have handled her underground 
accumulation end of the business. 

However, as things are actually constituted, when we start talking about laws to 
bring this about, we are talking about something that will be given us by the politi- 
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cians. If the politicians assay very high in common sense, well and good; if not, 
who can say where the thing will end and just what sort of a millstone the industry 
will hang around its neck as soon as it confesses that it cannot run its own business and 
calls upon the superintelligence of the politicians to save the day. 

J. Elmer Thomas says that the industry needs “outside control.” If we could 
locate an omnipotent, all-wise and just being to take over this job, I would agree 
with him. The raw material actually available, however, for this outside control is, 
to say the least, somewhat excessively raw; so I say again, let the industry struggle 
along with its own problems in its own imperfect “unnatural” way, and let well 
enough alone. 

This poor old creaky-jointed machine that we call the oil industry has paid pretty 
good dividends for a long time, and it would seem no more than prudent for engineers 
to make a careful and thorough study of such models built on the “outside control” 
chassis as may be available in other industries before radically changing the design of 
our own apparatus. 

A great many inventions look wonderful while still in the blueprint stage yet fail 
to make the grade when thrown out in competition with the economic requirements of 
commerce. This “outside control’? idea may have achieved some notable successes 
outside of the oil business. If so, let us have the facts. Up to the present time the 
results in coffee, rubber, wheat, etc., give us at least a mild signal suggesting consider- 
ably more looking before leaping. 


H. L. Douerty.—First I want to call attention to the difficulties of getting a 
group of properties together. I have tried to do that and have had some trouble 
with different property owners that forced me to do a lot of drilling I did not need to do, 
and forced me to operate from wells that produced too much gas and ruined my field. 
The loss of gas is a very important thing. The shut-off is going to prove a great dis- 
appointment because the gas will leak out, the oil will thicken and congeal in the sand. 

In the case of drainage and irrigation, laws have been passed to compel the owners 
to operate as a unit. The whole thing has been adjudicated by law. Even when a 
man said, ‘‘You injure my property by draining,” the courts said, ‘‘ Your remedy is 
not to hold up and keep your neighbors from being able to utilize their property 
profitably, but your remedy is by way of damage.” All of the common owners must 
agree how the property shall be operated, and as there is no way of letting one man 
drill when he sees fit, he must either force you to drill or rob you of your oil and gas. 

I do not insist on federal legislation but I say, as I said years ago to the railroads, 
if you are not prepared to take federal operation and perhaps even seek it, you will 
find the day when you will have to serve both the state and the federal government. 
Today the federal government, in my opinion, can legislate as to how oil can be pro- 
duced without any question as to constitutionality or legality, because it could prevent 
waste. If the state legislature will legislate to prevent waste I will cease to contend 
that the federal government be empowered. I think we are better off with the federal 
government. My opponents say no. Time will tell. I am willing to go on record 
and take a chance on state laws. 


Economic ASPECT 


W. 8. Farisu,* Houston, Texas.—I should probably apologize for attempting to 
discuss Mr. Pogue’s paper.* I came to listen and to learn the views of others on the 
present economic trend of the industry, not to attempt to impart my views; but since 
the chairman has urged me, I am encouraged to state briefly the policy which my own 
organization is pursuing in the production of oil. 


* President, Humble Oil & Refining Co. 
3 The paper by J. E. Pogue begins on page 405. 
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accurately depicted by him as regards the industry at. large. : c 
however, I am aware of a particular economic trend which I desire to em 
i. é., the trend toward unit operation of oil pools. 7 

All engineers are familiar with several factors that trend toward unit oe a 
such ag the necessity to conserve petroleum, to build up adequate reserves, and ta 
recover a larger proportion of our oil, but I believe we fail to realize how large a factor _ 
the necessity for lowered costs of production is coming to be in the movement that is fd 
forcing the oil producer toward unit operation. a4 

The economic trend is toward lower production costs, and these in turn impel 
us toward unit operation. In fact, unit operation, in my opinion, offers the only 
method of reducing costs to a point where we can meet the competition of cheap foreign 
oil, itself a product of oil pools owned and operated as individual units. We must 
have low-cost production if we are to survive as producers. Our competitors in 
Russia, for example, have unitized their producing effort under the direction of the 
government itself. I am informed that three companies, producing on large conces- 
sions in Venezuela, have an acreage cost of about 4c. per acre, and an average pro- 
duction cost of about 25 c. per barrel. The Dutch East Indies boast some wonderfully 
rich oil fields operated as units at minimum costs. Persia, in the control of a single 
operator, has produced astounding volumes of oil per well by reason of an intelligently 
handled unit operation which has eliminated fully 90 per cent. of the wells that would 
have followed competitive development, such as is familiar to us, in the same field. 
Trak, a potentially great petroleum reserve, seems destined to duplicate Persia’s record. 
Colombia and Peru are essentially units in oil production. 

All these unit operations in foreign fields mean low costs to our competitors. 

In many of our competitive fields cost might have been cut in two by the elimination 
of the hasty drilling of unnecessary wells and the maintenance of gas pressures, which 
unit operation would have made possible. As producers we must face the facts. 
Costs of production will be the controlling factor in the economy of the petroleum 
industry and as producers we must get our costs down or go out of business. I repeat 
that, in my opinion, the only practical and adequate method of reducing costs of 
production to the requisite degree is unit producing operations, and I feel that the 
urge to reduce costs will itself soon become strong enough to force the adoption of 
unit operation. 

But unit operation promises to exert another influence on the economics of the 
petroleum industry, which is just as important as the matter of reducing costs of 
production. Unit operation will also solve our problem of overproduction which 
has plagued us so sorely for the last decade. We have been overproducing crude 
now for many years. We have talked at length about the effects of it. We have 
seen our meager profits dwindle, to be replaced by severe losses, periodically. We 
have debated remedies and argued as to facts, but we have as yet really done almost 
nothing about it. 

We have been advised by some students of the situation to expand our markets 
for crude in order to relieve this condition of overproduction; but we have already 
expanded our markets until we have pushed petroleum into competition with other 
fuels, such as coal, in uses to which liquid fuel should not be put. We are underselling 
coal, to be sure, but we are getting less than half the value of our fuel oil on a competi- 
tive basis. I object to the further expansion of our markets in this direction. Let 
us use liquid fuel for the superior uses in which it is essential. 

Some observers contend that this overproduction is temporary and that the condi- 
tion will pass away, so that next year, or the year after, it will no longer worry us. 

A little reflection, however, makes one skeptical on this point. The accomplishment 
of the geologist and petroleum engineer in finding oil during recent years is too well 
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known to require any confirmation from me. We have found as much oil in the last 


_ 5 years as we did in a generation preceding that period. In another 5 years we seem 


likely to discover most of our remaining reserves in this country. Must we also 
produce all of our reserves as fast as we find them? P 

During the same period in which we have so improved our finding technique, 
our chemists and refinery engineers have made available to us improved methods 
by which practically the whole of each barrel of crude has become potential gasoline. 
Gasoline is the petroleum industry’s money crop today, and 70 per cent. of the income 
which it enjoys comes from this product. Under the circumstances it is just as easy, 
and there is the same temptation to overproduce gasoline .as there is to 


- overproduce crude. 


In the face of this critical condition of overproduction of both crude and products, 
the industry has burdened itself with enormous stocks. We are staggering along 
with this storage under the old theory that we should carry large storage as insurance 
against possible shortage in current supply. Storage of crude or products beyond 
bare working requirements is a millstone around the neck of the company carrying it, 
today. My associates and I have preached this doctrine for years, and 4 years ago 
we began systematically the elimination of excess stocks, with the result that our 
storage has been reduced from 23 to 10 million barrels. 

During all this time the industry has failed to develop any effective method of 
control of flush production. We have not even found an adequate method of attack 
that is generally recognized. We cannot control our own production of raw materials 
even today. The Department of the Interior has made helpful suggestions, but 
only where they wield a big stock, as in some government lands, is there any element 
of control of flush oil. The industry itself has not even done the things open to it to . 
do. We have failed absolutely to control the production of our raw material and in 
the final analysis we have only ourselves to blame for the present unsatisfactory state 
of affairs. 

The adoption of unit operation in any considerable number of pools would make 
possible the effective control of overproduction. When 25 per cent. of our current 
production comes from unitized pools, distressful overproduction will have ceased. 
The owners of unit operations will refuse to pour their oil into an already flooded 
market. They will refuse to accept the inadequate prices which flush oil has always 
heretofore brought. Instead, they will restrain the flow of their wells until the legiti- 
mate demand again overtakes supply. In making this possible, in relieving us of 
acute overproduction, unit operation offers another advantage equally as important 
as the lowered production costs it promises. 

I have not touched on other important aspects of unit operation, such as the oppor- 
tunity it affords of building up reserves in the ground—something we have never been 
able to do in the past in a competitive pool. The subject is too big for this occasion. 

It is said that unit operation is contrary to the interest of the small producer. 
I do not agree. The small producer has most to gain by, and, therefore, should be 
erying loudest for, some logical policy that will compel unit production rather than 
competitive production within the individual pool. If I were a small producer , 
(or a large producer either) I would rather own 50 acres in an oil pool controlled on a 
unit basis than 100 acres in the same pool operated in the usual competitive fashion. 
The small producer will find, if he will sharpen his pencil, that 5 per cent. interest in 
a unit operation will be more profitable to him than 10 per cent. of the same pool in a 
separate leasehold which he must operate individually in competition with other 
producers, large and small. 

Let me emphasize the fact that in the producing branch of the oil industry the 
unit of competition should be the oil pool and not the individual leasehold or oil well. 
Nature made the pool, and man made the subdivisions on top of the ground. To 


oe a a rr 


104 ae “UNITIZATION 


adhere to the man-made boundaries and to ignore nature’s work is contrary to the 
original scheme of things and is fatal to efficient production at minimum cost. 


E. Oxrver, Ponca City, Okla—Have you any suggestion regarding methods of 


_ bringing about unit operation? 


W. S. Farisu.—My position and the position of my company on this question are 
matters of record. We believe and we have publicly urged for the last two years that 
no wildcat wells be drilled until leases have been pooled over the entire prospective 
area; or at least not until every effort has been made to effect such a pool. I cannot 
emphasize too strongly the possible good that can come from the adoption of this 
policy generally. Our lawyers maintain that pooling agreements of this character are 
legal, even in Texas where antitrust laws are particularly strict. In this policy 
the industry has a clear field and the chance to benefit itself immensely; it is itself 
to blame if it does not take advantage of it. 

Pooled acreage around all wildcats would result in controlled or unitized produc- 
tion within five years to a-degree that would eliminate overproduction and give us a 
reasonable price for our oil. Flush production would become a thing of the past. 
Yet we are still not willing to pool acreage in advance of exploration in most cases. 
We have made some progress, but more often than not we have refused to go to the 
trouble, or agree to the conditions, that pooling involves. 

A majority of the operators in a producing pool—say, 60 per cent., or 70, or 75 
per cent. of the owners of the leasehold in the pool—ought to have the right to agree 
to a program of drilling and production which would control the output of the pool if 
adopted; and with the approval and under the supervision of the proper state 
authority such a majority of operators ought to be permitted to put such a program 
into effect in the pool. In such cases the recalcitrant minority, if one existed, should 
be forced to abide by the majority decision, administered through the state authority. 
In Texas, I have gone to some length to try to get authority to pass upon and approve 
such agreements vested in our conservation officers, the Railroad Commission, but 
such agreements and control continue to be illegal in that state. 

These two devices, pooling in advance of all wildeat drilling, and majority control 
of producing pools under the direction and with the approval of the state, will give us 
reasonable control of production in Texas within three years, in my opinion. 


J. B. UMptesy.—lIt is interesting to look back over this idea of unit operation. 
When Henry L. Doherty proposed a few years ago a method of unit operation, the 
industry was opposed to it. In 1927 Mr. Marland and his committee of nine called 
a meeting of engineers, in which opinion concerning the role of gas energy in produc-~ 
ing oil crystallized. All companies began to watch gas-oil ratios and several 
conservation commissions became interested in the subject. The latest product of 
this interest is the Gas Conservation Law of California. In December, 1927, the 
directors of the American Petroleum Institute declined to recommend unit operation to 
the industry. One year later they passed a special resolution recommending it. Now 
itis probably safe to say that the majority of leading executives look upon it with favor. 

I think as engineers one of the contributions we can make is to determine as 
concretely as possible the advantages of unit operation, ways to carry it through, 
and keep selling these ideas to the industry. The thing is sound from an engineering 
standpoint and it or something equivalent is coming to be an economic necessity. 

Property lines and divisions and competitive drilling and operating are economic 
suicide, and when everyone comes to realize that, I think we can depend on the 
brains of the industry to solve the problem of how to consolidate pools. 

I noticed that when the Marland and Continental companies wanted to consolidate, 
they arrived at a value. If that is possible with the holdings those companies have, 
it is certainly possible in the individual field, if we can get a consensus of opinion 
among engineers and executives as to the real advantages that will result. 
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Principles of Unit Operation 


By Eart Oniver,* Ponca Crry, Oxua., aNnD J. B. Umptesy, | OKLAHOMA City, OKLA. 
(New York Meeting, February, 1930) 


Iv 1s believed that in connection with the study of unit operation by 
the Petroleum Division of the A. I. M. E. a review of the simple princi- 
ples of unit operation would be helpful. To that end, the following dis- 
cussion is submitted. It is not to be considered in any sense as the 
conclusion of the committee, but rather as material submitted for its 
consideration and represents at this time only the viewpoints of its authors. 


GROWTH OF THE O1L INDUSTRY 


In 70 years the oil industry has grown from a single. well on Oil 
Creek, Venango County, Pennsylvania, producing 25 bbl. per day, to 
more than 400,000 wells scattered over five continents with a daily 
output of 4,000,000 bbl. In that time petroleum has expanded from its 
simple use as a medicine in a few localities to a multitude of diverse uses 
in homes of every country the world over. During those years the oil 
fields of the United States have produced two-thirds of the world’s 
output and have shipped their excess production into almost every 
country. 

In those years several hundred thousand good wells in the United 
States declined into small ones and depleted shallow deposits gave way to 
deep zones; so that the United States crude oil industry gradually 
changed from one of low cost production to one of higher cost. Through- 
out its entire life it has labored under two serious economic disadvantages, 
namely, constantly recurring periods of demoralization through over- 
production, and competitive development methods that are wasteful. 


DEVELOPMENT OF FOREIGN COMPETITION 


During the transition from low to higher cost production in the United 
States, events even more significant were taking place in foreign lands. 
Jungles were tamed and deserts conquered. Oil-deposits were found 
and developed until, in the words of Sir John Cadman, “the globe is 
now drenched with a commodity which, although necessary to life, 
involves but an irregular and sometimes meager expenditure of life in its 
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primary production.” 
their share of the world’s fee, 
As a consequence the United States petroleum 
itself “sending coals to Newcastle.” A barrel of ae ee 
from Texas meets in London a barrel of low production- cost 
Persia; one from Los Angeles meets in Tokyo another from the Dute D 
Kast Tndies; even in New York one from Tulsa meets one from Mara- an 
caibo—with the inevitable result that occurs in every case where a é : 
high production-cost product is met in competition by one~ of low oe 
; production cost. a 
f Other matters being equal, the profitable trade territory of a product 
extends only so far from the point of origin as the production cost at the 
point of origin plus transportation cost equal those of a like product to 
the same point from a competitive region. On this basis the United 
States petroleum industry is finding ifs profitable trade territory more 
and more circumscribed. This tendency will increase rather than 
decrease during the years immediately ahead as foreign fields are opened. 
At the same time the United States fields continue to pile up potential 
overproduction at an unprecedented rate. 
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Mertruop or MEETING COMPETITION 


Thus we have an entirely new set of conditions that face the United 
States petroleum industry. Two differences stand out. In former years 
there were no vast proven reserves piled up behind the overproduction. 
Neither were there foreign competitors who could produce vast quanti- 
ties of oil at much lower cost. These two new conditions call for specific 
remedies. First, output of United States pools must be curtailed to an 
amount sufficient to supply only their profitable trade territory. Second, 
United States production costs must be lowered in order that the profit- 
able trade territory shall be maintained at a maximum. Finally, some 
character of government relief might become necessary; but that help 
would naturally follow, not precede, application of relief measures 
already available. 

The Federal Government, the American Petroleum Institute, and 
many individuals within the fadieerel having foreseen the coudveios that 
are described, have attempted to formulate remedies that will bring 
about the vaults above set forth. Prorations and shutdowns are being 
utilized, but these are nowhere regarded as more than temporary expedi- 
ents. They are difficult to enforce and do not eliminate waste, which is 
so necessary to reduce costs. Without exception the many studies that 
have been made have resulted in the conclusion that general adoption of 
what has now come to be known as unit operation offers most Promos as 
a first step in bringing about the objects sought. 
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P UNIT OPERATION 
The term as it is being used in the industry has not yet reached an 


exact definition but in general it implies that all properties in the respec- 
tive oil and gas pool shall be consolidated into a single operating unit 


some manner that 
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directed, to expel a large percenta 
most efficient oil recovery 
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reservoir is permitted only through 
in that event neither gas nor water cou 


That procedure 


ahead through the reservoir rock to the point of escape. 


would be followed in unit operation. 


CoMPETITIVE ExTRACTION PRomotTES INCOMPLETE RECOVERY 


Under the competitive drilling system, however, the location of wells 


is determined by surface boundaries, not by reservoir content. 
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land owner is permitted to drill as many wells on his own land into the 
common reservoir as he desires and is entitled to all oil and gas he can 


draw out through those wells. If he drills into a gas zone he draws off - 


gas, thus reducing the reservoir pressure without utilizing it to assist in 
the work of oil recovery. Oil in the reservoir rock is thus robbed of force 
that would otherwise move it to the well. For this and other reasons to 
be considered, oil extraction under competitive drainage is sometimes as 
low as 10 per cent., leaving 90 per cent. lost to recovery, notwithstanding 
there might have been sufficient energy stored in the reservoir 
originally to bring about several times the recovery if it had been 
efficiently controlled. This energy cannot be so controlled under 
competitive extraction. 

Two other factors contribute to low recovery under competitive 
extraction. When pressure is reduced, as it must be under that method, 
oil becomes more viscous through loss of absorbed gas, and, as a result, 
becomes more difficult to move through minute pores of the reservoir 
rock. Therefore dissipating gas from an oil sand lessens the propulsive 
force and increases the need for it. Also, when the gas-sand portion 
of the reservoir becomes emptied of its gas content, oil migrates into 
that portion and is lost to recovery on account of adherence to sand 
previously unsaturated with oil. Under unit operation as pressure 
becomes lowered gas would be reintroduced into the dry gas-sand portion 
in order to maintain pressure. 


CoMPETITIVE EXTRACTION INCREASES DEVELOPING AND OPERATING 
Costs 


Under competitive development many more wells are drilled than are 
necessary for the economic extraction of the products from the reservoir. 
Frenzied, costly development takes place, bringing about sharp peak 
loads the handling of which requires extensive facilities over a short 
period. These are hastily planned and soon operating only to a small 
part of their capacity. Pipe lines are notable examples. Expensive 
surface storage is built. Irregular labor conditions are promoted. 
Harmful social conditions result. 


CoMPETITIVE EXTRACTION PROMOTES OVERPRODUCTION 


Unrestrained competitive extraction from an oil pool is not only 
responsible for vastly reduced recovery, inadequate gas utilization, and 
increased cost of development and operation, but in addition it is largely 
responsible for another serious evil in the United States petroleum indus- 
try; namely, overproduction with its demoralizing market conditions. 

Oil and gas tend to flow from all points in the reservoir toward the 
point of lowest pressure. The owner who so develops and operates 
his property as to induce gas and oil to flow from the land of another into 
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chase supplant the customary rules and stabilizing influences of industry. 


The necessities of capture interfere with free operation of the law of supply ; 


and demand. | 

Production should increase quickly in response to increased price 
and decrease with equal facility in response to decrease in price. This 
can occur only when competitive extraction is absent. For that reason, 
the individual pool is the natural competitive unit. Its products com- 
pete in the market place with products from other pools. Distinction 
should be made between competition in sale and competition in extraction. 
The first affords that protection to the consumer which is necessary; 
whereas, the second in no wise protects the consumer, but it demoralizes 
the industry. . 


EXAMPLES OF Both METHODS 


As more or less typical examples of the two methods of control, two 
pools are described. One is a small American pool with divided land 
holdings. The other is a foreign pool that is being operated as a unit. 

In the American pool two-thirds of the total area contained gas only, 
while one-third contained oil. The reservoir rock was sand, fine but 
regular in texture, and continuous throughout both the gas and oil 
portions of the reservoir, with freedom of movement between them. 
The pool was discovered and drilled some 10 years ago in the competitive 
manner that characterizes United States oil field development. The gas 
was depleted rapidly through gas wells, leaving the oil to be produced 
more slowly. Recently several complete cores were taken from the oil 
sand. Laboratory examination of these cores disclosed that 94 per cent. 
of the original oil content yet remained in the reservoir rock, with expec- 
tation that 90 per cent. will remain when the wells cease producing. 
The total amount of oil to be extracted under these conditions will be 
approximately 12,000,000 bbl., leaving somewhat over 100,000,000 bbl. 
in the sand practically lost to recovery. Sufficient gas was stored under 
pressure in that reservoir to drive out much of the 100,000,000 bbl. that 
remains if it had been conserved and so utilized. 

In striking contrast with this method of development is the famous 
Masjid-i-Suleiman (Temple of Solomon) field in Persia. It is 20 miles 
long by 4 miles wide, operated as one unit. It was opened in 1912. 
The reservoir rock is a steeply folded cavernous dolomitized limestone, 
900 ft. thick. As in the American pool, gas was found on top of the 
structure but the gas wells were closed in and the gas is permitted to 
escape only through the wells drilled into the oil zone. It thus drives 
oil ahead through pores of the reservoir rock to the point where pressure 


his own land and escape through his own wells, is pur aa entirely. ae 
within his legal right and in harmony with long established practices of 
- theindustry. Consequently, in competitive development, therulesofthe _ 
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is relieved by an oil well. The wells averaged 8000 bbl. per day initial and 
continue large up to the time they show an excess amount of gas by 
virtue of the gas-oil level in the reservoir becoming lowered. Then they 


are closed in and wells lower on the structure are opened. 


‘The potential daily output of the pool is greatly in excess of that 
which is utilized, although only a small number of wells have been drilled 
on this large structure in comparison with characteristic development 


in the United States. The pool has produced 300,000,000 bbl. of oil and 


has many years proven reserves at the present rate of extraction. The 
oil wells have flowed, and continue to flow, their production at all times, 
as the owners express “‘ with no more trouble than opening a tap to draw 
water for the bath.” Very complete recovery from the reservoir rock is 
being made in this pool by the unit type of development. It will be 
noted that in this pool oil wells are permitted to flow until they change 
to gas wells, whereas under competitive development gas wells are per- 
mitted to flow until they change to oil wells. 

In the Persian pool oil and gas zones are both owned by the same 
interest, whereas in the American pool above described some operators 
owned only gas while others owned oil. Under the competitive drainage 
system no method has been evolved whereby the gas-well owner is 
compensated for deferring extraction of his gas. That, under competi- 
tive development, would be difficult to adjust, whereas under unit 
operation no such problem arises. 

_ These two pools illustrate the comparative disadvantages under 
which the United States petroleum industry with its competitive extrac- 
tion methods is competing in world markets with the output of foreign 
fields. They are not offered as strictly parallel cases. Reservoir con- 
ditions differ; but much American oil is being produced, and has been pro- 
duced, under conditions closely comparable to the American pool above 
described, whereas a greater part of foreign oil is produced from large 
blocks with the competitive development feature either absent or very 
materially reduced. 


Computsory VERSUS VOLUNTARY UNITIZATION 


Most students of the industry are in agreement that the consumer, the 
individual operator, the individual royalty owner, and the general public, 
as well as the labor employed would, each and all, be greatly benefited 
if individual oil pools were operated as units; but general adoption of the 
practice in the United States has been delayed because information as 
to its advantages has been lacking and satisfactory means have not been 
developed to bring about consolidation. 

Unanimous agreement on details of consolidation by parties entitled 
to drill.into a common pool is so difficult to procure and yet unanimous 
action is so desirable in unit operation that advocates of legislation to 
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cates 


enforce unit operation have not bec lacking. However, iekauo one E,:- 
property from an individual and arbitrarily substituting another therefor 


without his consent is a procedure difficult to contrive under American — 
law, even if it is obvious that consolidation would be in the public interest 


‘a 


and is being done at the request of a majority interested in the single _ 


pool. This is true notwithstanding it may be apparent that the one who 
refuses to cooperate is prompted solely by the hope of extracting more of 
the products from the common pool than underlie his own land. 


The danger is that if the industry does not aggressively undertake | 


those things within its control, operators, seeking relief from present 
conditions and being unable or unwilling to await the slower processes 
of constructive action through their own efforts, will appeal to govern- 
ment for help and burden the industry with legislative enactments 
depriving it of that freedom of action it now enjoys and can retain if it 
shows a disposition to correct its own problems. The movement should 


be gradual and flexible so that mistakes may be eliminated as each step 


leads to the next one. 

When the complications of compulsory unitization are faced, voluntary 
unitization, by comparison, appears simple. It is altogether in harmony 
with American conceptions of property rights, but its successful and 
general adoption is dependent upon a more widespread understanding of 
the issues involved. 

To assist in bringing about that understanding is the basis on which 
the American Institute of Mining and Metallurgical Engineers is justified 
in making this general study of unit operation. With its international 
membership it has long been a forum for the discussion of engineering 
methods that may be developed to the common good. Its established 
position and the character of its personnel should help to inspire confidence 
in its findings and recommendations. Leaders of the petroleum industry 
entrusted with the duty of bringing about stabilization have invited it to 
help in that undertaking and to assist in compiling information. A hand: 
book on unit operation is being prepared by the Mid-Continent Oil and 
Gas Association, to which this Division is asked to make contributions 
of material. 

When the consuming public, the oil producer, the royalty owner, and 
the officials of government—legislative, judicial and executive—all 
understand more clearly the issues at stake, and the machinery and 
méthods of consolidation are such as enlist the confidence of all these 
parties, it is to be expected less difficulty will be found in enlisting coopera- 
tion. ‘There is nothing on earth more powerful than an idea when its 
hour has come.” 

As an ultimate ideal all the competing ownerships that will drain 
from the common reservoir should consolidate into a single blanket owner- 
ship—the competing leases into a blanket lease and the competing royal- 
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ties into a blanket royalty—all of which would be entitled to a like 
percentage in kind of the product extracted from the pool as the indi- 


vidual property contributes in value to the aggregate value of the unit. 


The purpose of the consolidation would be more economic extraction 
and better adaptation to the law of supply and demand. One hundred 
per cent. consolidation, however, could be expected only as the result 
of many and protracted efforts. Fifty per cent., sixty per cent., and 
seventy per cent. consolidations with machinery that would enable ready 
acceptances of the remaining percentage if, as, and when they become 
desirous of joining the consolidation, should be regarded as satisfactory 


progress in the early stages of the movement. 


While there are no means by which an individual may be required 
to join a unitization project, yet there is adequate precedent, and also 
justification, for restraining him from operating his property so as to 
injure the property of his neighbor. If that principle were strictly 
imposed, much of the advantage would be taken from the operator who 


will not join his neighbors in unit operation. He who insists upon his 


pound of flesh should have it, but he should be required to exercise care 
in taking it. Under those circumstances, unit operation would be as 
desirable to him as to his cooperating neighbor. The law of oil and gas 
was influenced in its development by analogy with the law of wild 
animals. Like wild animals, they must be captured before ownership 
in them becomes vested. However, to protect wild animals from wasteful 
slaughter and final extinction, as well as to equalize opportunities to 
acquire them, specific regulations covering their taking are imposed by 
law upon the hunter. Unless operators privileged to drill into a common 
pool and extract the products therefrom can agree with each other as 
to the rules of capture, the State may be compelled to impose laws, of 
capture as it has done for wild animals. The alternative to this unwel- 
come condition is voluntary agreement between the owners. 


PaRTIES TO BE BENEFITED 


The parties who would be benefited by the general adoption of unit 
operation and the manner in which they would be benefited are given 
below. The advantages are too numerous to permit individual comment. 
They can only be listed with a few general remarks. Perhaps the most 
widespread erroneous conception regarding unit operation is that it is 
monopolistic in tendency and will eliminate the small company and 
individual operator. As a matter of fact its influence would be the 
exact reverse of that indicated. 

Competitive drainage makes vast aggregations of capital necessary in 
one organization in order to reach out constantly from point to point for a 
crude supply. If, however, methods of development become such that 
compact deposits of crude can be proved and made available to be 


dee upon van needed y 
companies owning ot holdsigit in o 

little necessity, and therefore less tendency, 
Many complete small organizations will be develope 
vast ones. Unit resents will, “of course, bo like Ww: 


plies; une it will : remove much of ma rato i fait the large ¢c 
> to consolidate with other large companies and become still riba ‘It 

desirable to the large company as it is to the small company, but: i 

so necessary. 1 STUaTe 
=. Neither will unit operation mean the passing of the small produc 
= An interest in a small unit that an individual operates for himself and a — 
few partners gives to the small producer an opportunity to survive that At 
he cannot possibly have if he attempts to compete under the old wasteful 
competitive type of development to which he is accustomed. His sur- 
. vival is dependent upon adjusting himself to new conditions. 

General adoption of unit operation would give to each party the 

following advantages: 


Consumer 


. Greater assurance of permanent and stabilized supply. 
. Receipt of products over a period of years at lower average price. 
. Greater assurance of freedom from monopolistic control. 


Producer 


. Less capital investment required. 

. Lower development cost. 

. Lower operating cost. 

. Products would be made more responsive to the producer’s needs. 
. Increased acre oil yield. 

. Increased gas value. ; 
. Stabilized business. e 
. An investment more readily salable. - . 
. More actual control over his business. ~ 

10. More dependable crude supply for the other branches of his business. 

11. Saving on plant capacity. ‘ 
12. Saving on pipe lines and storage tanks. 
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Royalty owner 
. Stabilized crude price structure. 
. Increased acre yield. 
. Increased gas income value. 
. Stabilized business and stabilized income. 
. Reduced risk. 
. An interest more readily salable. 
. A property that is better collateral. 
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General public welfare 


1. A great industry better stabilized. 
2. Stabilized labor conditions in the industry. 


ws 


EARL OLIVER AND J. B. UMPLEBY 115 


8, Permanent neighborhood industries on account of steady gas-fuel supply. 
_ 4, Permanent communities. 
5. An assured domestic oil supply for national defense. , 
: 6. A longer period of dependable domestic oil supply for commercial and indus- 
trial purposes. 
a 7. Reduced speculative spirit. 
8. Reduced necessity for vast oil organizations. 
9. Reduced monopolistic tendencies. 
10. Goverment freed from need of supervising the oil business. 
11. Increased opportunity for small complete businesses. 


OssEecTIONS TO UNIT OPERATION 


Objections urged against unit operation generally fall within the three 
following classifications: 
1. Fear that it violates antitrust laws. 


2, Contention that it reduces personal control of property. 
3. Fear that it would delay income from property. 


A better understanding of unit operation is causing the first objection 

___ to disappear. One single unit produces much less oil than the average 
_ __ large company controls. If these units are operated independently of 
each other there will be real but not destructive competition. The law 
of supply and demand can then operate, which it cannot do under com- 

4 petitive extraction. If, however, a great number of these units are tied 
E together by interlocking directorates to the extent that, in effect, they 
4 would be under one control, justification would exist for the fear of anti- 
f trust law violation; but a condition of interlocking directorates between 
f the units is quite another matter than the one under consideration. It 
d has no inherent connection with unit operation. It can and should 


be avoided. 
4 The second objection is more in form than in substance. Competitive 
£ drainage methods permit the superintendent of the company that owns 


the individual 80-acre tract to determine a few relatively unimportant 
matters about operating the tract, such as the character of roads he shall 
build or the type of boilers or rigs he shall use, but it does not permit him 
to determine when and how many wells he shall drill, how much oil he 
shall produce, and when he shall produce it. These more important 
matters are determined by that operator in the pool with least vision. 
All others drawing from the common reservoir must accommodate their 
pace to the one he sets. Under unit operation each participating owner 
would have a vote in determining these mattersofmostimportance. The 
best judgment of the pool would prevail in the common councils as 
against the poorest judgment, operating alone, under the competitive 
drainage system. 

The third objection would be subject to determination and could be 
provided for in the consolidation agreement. Some owners would prefer 
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to delay extraction to ‘ait later BES or for better market ¢ mC 
whereas others would prefer immediate extraction. 
ments could be made among stockholders in a unit operation #1 
enable the desires of each to be taken care of in accordance with h 
daily or monthly needs, provided of course such trading arrangements 
came within the accepted proved reserve estimate. tee 
The greatest deterrent to the adoption of unit operation is the — 
customary reluctance human beings experience in breaking away from 
old habits and practices and adopting new ones. Individuals can do © 
that as individuals, but difficulty is encountered in persuading a great 
number of individuals to do it at one and the same time. No serious 
objection to unit operation has been found but it requires a degree of 
concerted action difficult to obtain. The rapidity of its general adoption 
will depend upon educational processes and economic pressure. 


Meruop or UNITIZATION 


This study has discovered a definite trend toward unitization with 
much sympathy for it and many embryonic units already in existence, 
but their developments have not progressed to the point where results 
that show their full significance can be tabulated. Neither has the move- 
ment progressed to the point where any single method of unitization has 
been evolved that is accepted even by its authors as the one correct 
method to bring about unit operation. Each attempt is admittedly 
imperfect and incomplete and represents an independent experimental 
groping toward, rather than an arrival at, the method which will serve as a 
standard for future efforts. This is said notwithstanding each of these 
attempts is much in advance of the unorganized competitive style of 
development, and many already show substantial economic rewards. 

While no complete unitization system that may be used as a standard 
has been discovered by the search made in this study, yet certain prin- 
ciples have been suggested that appear worthy of consideration, and 
which if observed might smooth the way to more rapid adoption of unit 
operation. Further experience might prove many of these impracticable 
but they are believed to reflect the present major sentiment on the move- 
ment. These observations are as follows: 


General 


1. The movement should be promoted through education and persuasion rather 
than through direct compulsion, but on the other hand those who persist in operating 
their properties on a competitive extraction basis might well be restrained from so 
operating them as to interfere with the proper and reasonable rights of other operators 
who are privileged to drill into the common reservoir. 

2. The program of education should be designed to reach not the producer alone, 
but also the royalty owner, the consumer, the general public, and Government officials 
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ZA —executive, legislative, and judicial—to the end that there will be developed an 
intelligent, well-informed public opinion. 


3. Judicially defined correlative rights between owners privileged to extract 
products from a common reservoir should be reviewed by courts in light of late 
scientific knowledge respecting the relationship and function of oil, gas and water in 
the common reservoir, in order that the injury any one operator can do all others by 
his method of taking might be more clearly defined and his duty determined. 


Specific—for each project 


1. The ultimate ideal would be that the competing ownerships that will drain 
from the common reservoir should be consolidated into a single blanket ownership— 
the leases into a blanket lease and the royalties into a blanket royalty, but early 
efforts can be no more than approaches toward that ideal. 

2. The consolidations should be made on an appraisal basis, but provision might 
‘be made for later adjustments if immediate determination of final ratios were 
found impossible. 

3. The management should be democratic in form with minorities protected by 
right of appeal. : 

4. Each unitization project should be specially designed to suit the peculiar needs 
of the case in hand rather than attempt to apply some standard method developed 
elsewhere. 

5. Initiation of a unitization project should be through progressive steps with 
complete freedom of acceptance or rejection on the part of any owner until after the 
picture is set up and each owner knows the relative rate of exchange for his property 
and the character of management under which the unit will be operated. 

6. The consolidation should be a continuing process, including in the beginning 
‘those who are ready, but making provision whereby additional owners in the common, 
pool may be accepted when, if, and as they are ready, with rate of exchange, of course, 


being adjusted to relative values as of date of exchange. 
7. Very general principles only should be included in the contract setting up the 
unit, but it should make provision for a continuing board of directors with wide dis- 


cretionary powers. 
8. Products in proportion to shares held should be delivered to the respective 
share owners at cost with flexible arrangement permitting each owner to take products 


if, as, and when needed, within proper margin of safety. 


In any attempt to summarize the status of unit operation one would 
naturally like to give credit to those responsible for bringing the move- 
ment to its present position. However, controversy over methods of 
application that characterized the movement in its early stages, as dis- 
tinguished from constructive discussion, has not yet completely dis- 
appeared. So long as that condition exists there can be no proper 
evaluation of the relative influences various individuals have exercised 
on that movement. For that reason the authors reluctantly defer any 
discussion of that aspect, leaving it for some later historian to evaluate. 


[For discussion of this paper, see page 88.] 


Some Development and Operating Economies of Unit 
Operation 


By Sam Harwan,* BARTLESVILLE, OKLA. 


(New York Meeting, February, 1930) 


Av intervals during the past several years the oil industry has been 
confronted with the problem of forestalling crises in its affairs. These 
crises have been reduced to periods of depression which, fortunately, 
the industry has been able to survive. Under the existing competitive 
practices which control the producing division of the industry it appar- 
ently has been proved that the best efforts logically to curtail development 
and producing operations are inadequate for effecting a true production 
balance and the consequent stabilization of prices. The industry is 
awakening to the fact that the situation warrants revolutionary thought 
and at this time it is looking for a permanent solution of its problem in a 
general plan for unit development and operation such as the one first 
proposed by Henry L. Doherty. Mr. Doherty’s proposal was designed 
not only as a means for stabilizing the industry as a whole, but its prin- 
ciples involve very definite potential benefits for the average individual 
operator and royalty owner as participants in pooled projects. The 
benefits to these individuals would be derived from maximum recovery, 
the maximum utilization of natural energies, the minimization of develop- 
ment and operating costs, enhanced values of leases and royalties through 
improved efficiencies and ultimate yields, improved earnings through 
stabilized crude oil prices, etc. This plan was revolutionary to the 
industry’s practices and at the time was rejected, but it now appears 
that the development and operating policies for new properties are 
continually approaching the ideal of the original plan. 

Oil companies are constantly extending their efforts to improve all 
factors that have a bearing on the costs and efficiencies of their opera- 
tions. ‘These efforts may, in some degree, be a normal outgrowth of the 
industry’s progress, but the forced consideration of market conditions, 
the growing appreciation of the importance of regulating operations for 
maximum ultimate economies and the depreciation of the old principle 
of maximum flush at any cost, come from a new school of thought which 
has been stimulated by the immediate pressure of overproduction and 

* Production Engineer, Empire Oil & Refining Co. 
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‘ _ an insecure ultimate margin of profit. These evolutionary and forced 
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_ policy alterations, as they exist, do not represent the oil production 


business as being greatly influenced by the utmost that can be attained 
from cooperation and resourcefulness. | 

At the present time the potential future earning power of the oil 
industry has assumed a decidedly unhealthy aspect because of the 
inability to foresee or at least to rectify the conditions in production 
and competitive operations that have been brought about by the failure 
to apply the proper cooperative measures in new operations. The 
industry has gone on record as acknowledging this weakness in its 
economic structure and has sponsored, through its organizations, certain 
corrective plans which, as stated in the first paragraph, relate 
to unitization. 

An important step toward true unit operation, as advocated by Mr. 


-Doherty, has been the rather general effort to pool ownerships and to 


develop and operate groups of leases and entire pools of varied ownership 
under single management. There are a number of such projects in the 
producing fields of the United States and there is little doubt but that 
this phase of the Doherty plan will be more extensively applied if the 
tangible benefits prove to be as impressive as exponents of the prin- 
ciple anticipate. 

It is the object of this paper to disclose the savings that have been 
realized from the development and operation of a typical ‘unit’? com- 
prised of a group of leases covering an entire pool under single manage- 
ment. For this purpose a property has been chosen that is generally 
representative of many Mid-Continent pools and on which complete 
cost data are available. The reflection on production of single manage- 
ment and an orderly development will be considered only in a secondary 
sense, inasmuch as that portion of the history is only partly written. 


General 


The Haverhill pool of the Empire Oil Refining Co., situated approxi- 
mately 11 miles south of the El Dorado field in Butler County, Kansas, 
has definitely brought out many of the economies that can be effected 
through the single management of a group of leases. The unusual 
benefits that have been and will continue to be accrued have been made 
possible by Empire’s 100° per cent. ownership of the property and the 
desire of that company to develop and operate the project in such an 
orderly and economical manner that all costs and efficiencies might 
permanently be influenced as favorably as the control of all pertinent 
factors will permit. By observing an orderly and systematic drilling 
and development program, many definite benefits have been derived 
that would not have been available had the area been controlled by a 
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varied ownership, or had Empire’s leases been interspersed by foreign 
properties and the pool completed in the usual competitive manner. 

Fig. 1 shows the productive Haverhill area. It comprises some 
800 acres and the oil pay is Bartlesville sand occurring in the character- 
istic trend formation at a depth of approximately 2750 ft. The pool 
has been developed on the basis of one well to 10 acres and is 24 locations 
in length and an average of 3 in width. The general limits of the pro- 
ductive area were fairly well defined in the early stage of development, 
thereby enabling the company to adopt a definite drilling program. 
The average of four strings of tools and the maximum of seven have 
been employed over a period of 32 months in drilling the area. Fifty- 
nine oil wells and three dry holes have been completed, one well is drilling 
(Jan. 20, 1930) and it is probable that at least four others will be 
authorized before the property is considered as being fully developed. 
There are 14 producing leases. 


Errects oF SINGLE OWNERSHIP ON DEVELOPMENT. Costs 


For comparative purposes, the Haverhill development expense has 
been checked against two Osage properties on which the total of 32 
wells were drilled with as many strings of tools and in record time. 
These two properties approach the extremes in drilling policies for proved 
productive acreage under single management. The Osage wells had 
the same general characteristics as those at Haverhill. The total develop- 
ment cost per average hole drilled on the former was $52,200, while the 
corresponding expense for Haverhill was $30,222. The expense of com- 
plete strings of big pipe and rigs for each well, the purchase of unduly 
large capacity equipment that would safely care for maximum anticipated 
flush production, the expense of installing individual gas engines and 
standard ends, when central powers would have sufficed, the accumulated 
penalties for untempered haste, etc., apparently can go to make up a 
penalty in excess of 50 per cent. of the corresponding cost for the same 
property if drilled up and equipped in a conservative manner. Such 
penalties occasionally may be justified in extremely competitive areas 
which yield compensative flush. 

It is not desired to compare the cost of developing the Haverhill block 
with properties of the opposite extreme; the comparison that has been 
made was merely to set forth the possible margin of waste that may 
arise from aggressive development. 

The total cost of developing the Haverhill block has been less than 
was anticipated. Savings that have been realized through unitized opera- 
tions are apparent but some are of the type that cannot be accurately 
measured. In analyzing these various factors, their tangible importance, 
in some cases, must be estimated. Where such assumptions were 
necessary, an effort was made to employ conservative values. 
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If the leases had been eee eds Aap 
leases as they are had been of varied ownership, « com 
: would have forced a number of wells that would have bee 
; ordry. By agradual development and giving attention to offs 
ments, it appears that the equivalent of 14 dry holes has tote 
This seemingly large number of failures would be justified by the narrow- 
ness of the commercially productive trend, the relatively large num ber 0! of 
leases involved and the relatively low recovery from edge wells. : 

Estimated net savings from 14 less equivalent dry holes, $252, 000. » rs 
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Savings in Drilling Expense 


The pool has been developed with the maximum of seven strings of : 
tools running simultaneously. Rigs, big pipe, flow tanks, water and 
gas piping, etc., have been manipulated in such a manner that only © 
seven complete rig outfits and only five complete strings of big pipe, 
being, 20, 1514, 1214 and 10in., have beenissued to the entire pool. With 
normal competitive drilling, it is probable that at least 16 complete 
drilling units would have been required. 

Estimated savings, as the difference between the total depreciation 
and handling costs of the two layouts, $63,000. 


Savings in Lease Tankage and Pipe Line Systems 


If the pool had been drilled with the average of 12 strings of tools 
rather than with four, the peak production would have been approxi- 
mately 7500 bbl. per day rather than 2400. This volume of oil would 
have required the equivalent of a 4-in. outlet rather than the 3-in. that 
serves the pool. Greater lease tank capacity also would have been : 


required. ~ 
Estimated net cost of added pipe line capacity $13,500 and lease z 
tankage $10,000. y 


Benefits from Purchase Discounts and Standardization 


In being able to foresee the equipment requirements of a unit project, 
the ultimate can be attained in benefits from equipment standardization 
and purchase discounts. Savings from these factors are largely of 
potential value, depending to a great extent on an organization’s rating 
and personnel. In employing standardization principles, the expense 
of replacement parts and carrying an excess of surplus equipment stock 
is minimized. 

Benefits to Haverhill from this source, $28,000. 
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Savings in Dwellings and Buildings — 
Tf the Haverhill leases had been drilled rapidly, there now would be a 
surplus of houses and buildings after the flush period. 
Estimated net savings from this source, $8,000. 


Savings in Individual Pumping Equipment 
In centralized operations, maximum benefits can be derived from 


central pumping powers. With subdivided ownership, arrangements 
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occasionally are made among the various operators for centralized pump- 
ing, but such arrangements are seldom as satisfactory as company- 
owned pumping units. For this reason it is the usual practice for each 
operator to install his own powers, even though his property comprises 


_as little as 80 acres. Unless the pool could be efficiently unitized and 


equipment properly laid out, a number of wells could not be pumped by 
jack without having a surplus of central power capacity. In this connec- 
tion, it is of interest that all Haverhill wells are on jack operation from 
four central powers, which is the average of 15 wells or approximately 
160 acres to the unit. Based on past experiences on other similar leases 
that were segregated, the Empire company is confident that if there had 
been the ordinary interference from outside ownership that instead of a 
100 per cent. jack and power operation there might logically be 10 
individual pumpers at edge locations. This paper neglects probable 
investment savings, as a benefit from unitization, in central powers. 

Estimated net savings in equipment depreciation differences between 
10 jack wells and 10 beam wells, $28,000. 

In the development of average properties, 80 to 160 acres each, it is 
the customary practice to finish all wells with individual pumping equip- 
ment and then to change over to central pumping after the completion of 
all drilling operations. This procedure requires that standard ends, 
prime movers, etc., be furnished for each well prior to their being equipped 
with pumping jacks. This expense can seldom be completely eliminated 
but where methodical development is observed and the general limits 
of the commercially productive area are defined at an early period it is 
feasible to have central powers in place prior to complete development. 
Twenty-one Haverhill wells were finished with jack equipment at an 
average net saving of $2800 each. 

Total savings, $58,800. 


Savings in Water and Gas Systems 


With rapid development, the gas and water systems would have been 
considerably more extensive and of greater capacity than has been neces- 


sary under actual conditions. 
Savings as the difference between the ultimate depreciation of the 


two systems, $15,000. 


M iedieneata Development Eoin iy 
an orderly development has made it possible to secure | maximun 
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benefits from studying sand, water and general development condi ar 


The water table around the edge of the pool has been found to be variable. 


_ By careful correlation work the hazard of drilling into bottom water and ¥ 


the expense of plugging back has been minimized. Extensive coring and | 


studying sand conditions have been a valuable guide in spacing shots 
and liners. Without development as a unit property and the resultant — 
studies that have been made of sand conditions, it is doubtful that com- — 


plete information would have been secured pertaining to the extent of 
dry and oil-bearing zones in the oil pay and to the source and extent of 
bottom water. The development at Haverhill of the graveling principle 
has saved as much as four weeks’ clean-out and tool work in the process 
of completing some of the wells. This principle involves cleaning out 
cavey wells, packing the shot holes with igneous river gravel of uniform 
size and then running a liner through the gravel. It is doubtful that this 
idea would have been perfected if a number of operators had been 
involved with a few wells each. 
Total estimated savings in tool work, $9000. 


Economies Effected in Financing Expenses 


If a $2,000,000 development project, as Haverhill, should be unfore- 
seen and not provided for in the normal budget, and if rapid development 
were forced, a supplemental appropriation would be necessary. Such 
unforeseen financing imposes a strain on an organization and may be 
expected to cost twice as much as normally. 

There is a tangible economy in keeping cash requirements to the 
minimum. Interest at 8 per cent. is chargeable against unredeemed cash 


expenditures. This interest charge on the difference between the cash - 


outlay as the result from having an average of 12 drilling strings in opera- 
tion rather than the actual of four, together with other cash difference 
in equipment expenditures, amounts to approximately $26,000. 

As developed, Haverhill has nearly $245,000 less capital investment 
than would have been set up had there been normally aggressive drilling. 
Interest and carrying charges on this total investment saving at the rate 
of 10 per cent. for the first year and on the unsalvaged portion over the 
remaining life of the property represents a net saving, totaling approxi- 
mately $81,000, in favor of the unit plan. 


SAVINGS IN OPERATING EXPENSES FROM SINGLE OWNERSHIP 


A concrete comparison of cost records of the unitized Haverhill 
property with six similar segregated nonflowing Bartlesville sand 
leases which average 11 wells each and which are pumped from central 
powers has revealed that for the first three years the lifting expense at 


; 
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Haverhill will be less by the amount of $92 per average well month or 
the total of $212,000. Over the life of this property, operating benefits 
will total more than $284,000. 

The actual and anticipated savings in operations are dependent on 
many factors. The centralization of properties is an incentive to the 
development of improved operating practices. An example of such 
benefits is the discovery at Haverhill of the value of graveling cavey 
shot holes. The average saving of $30 per well month in maintenance 
costs and approximately 8 per cent. production outage is being realized 
from the average graveled well in that area. 

Centralized activities permit operating with minimum labor, trans- 
portation, lease stock and miscellaneous expenses. 

Properties equipped with properly designed and economically oper- 


ated and maintained equipment cost less to produce. Hastily devel- 


oped leases ordinarily do not reap maximum benefits from this 
potential economy. 

By producing all wells from efficiently operated central power units, 
the added expense from a few beam wells has been eliminated. It has 
been determined that beam wells of the Haverhill type each cost approxi- 
mately $52 more per month for operation and maintenance than do 
jack wells. 

There has been a saving from the minimization of the volume of water 
lifted with the oil, greater than would have been possible had the leases 
been segregated. 

All of the above, and undoubtedly many other factors, contribute to 
the estimated ultimate $284,000 enhancement to Haverhill, through 
efficiencies directly and indirectly creditable to single ownership 
and management. 

PRODUCTION 

This paper will not attempt to set a value on the effect on production 
of having Haverhill under single ownership and developing the leases in 
an orderly manner. It will be of interest, however, to consider some of 
the influences which are imposed on ultimate recovery from employing 
unit operation. 

Sand, gas and paraffin problems, as related to pumping operations, 
exist in an advanced stage and have been effectively relieved only by 
extensive experiments and test work. The excellent outage record of the 
Haverhill wells, and its comparison with the production outage at similar, 
but segregated properties, represents an increased producing efficiency 
exceeding 4.5 per cent. This benefit has been made possible largely by 
graveling ‘‘sandy”’ wells, by standardization and the installation of effi- 
cient equipment, by the careful and proper completion of wells, and by 
the generally efficient operation and supervision that is made possible 


‘by centralized activities. 
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With no Souigeen Uintoseatt in’ the poo 
property for repressuring. Based on: 
the Empire company is anticipating, from open: 
a 20 to 25 per cent. addition to the normal ultimate 
agement and pooled ownership of a group of leases that. are | 
repressuring eliminate the common controversy, from the op 
standpoint, of injection well spacing. With varied ownership 
doubtful that the net cooperation in a Haverhill repressuring p 
would exceed 80 per cent. and might be a complete failure. vie 

The Empire company had no desire for a high early peak. With : 
offset drainage, no formation gas to materially assist in the flush produc. 
tion, together with a weak market, it is felt that no damage has been © 
inflicted on ultimate returns. In sacrificing the high flush to be obtained -- 
from rapid development, the property normally would be operated about 
510 days longer in reaching its economic limit. This : apparent loss is 
to some extent offset by the 4.5 per cent. reduction in down time which ~ 
stands to decrease the profitable period by 555 days. Another 
important influence, which will increase ultimate returns by employing 
unitization, is the elimination of all beam wells which, in the case of 
Haverhill, means increasing the economic earning limit of all such wells 
by $52 per average well month. 


SUMMARY 


In being able to develop and operate the group of Haverhill leases as a 
unit, the; Empire company estimates that the following savings have ~ 
been made: 


Development 
Net savings in equivalent dry holes....................... $252,000 
Netisavings.in drilling expense;....... «sa eee ae eee 63,000 
Net savings in pipe line system and lease tankage.......... 23,500 
Benefits from purchase discounts and standardization....... 28,000 B 
Net savings in buildings and dwellings.................... 8,000 
Net savings in well and pumping equipment............... 86,800 " 
Net savings in water and gas systems..................... 15,000 . 
Net savings in tool work. +<, cn nek ae tone cee 9,000 q 
Savings in interest on reduced cash requirements........... 26,000 5 
Savings in interest on reduced capital investment........... 81,000 
Total development, benefits... <0 a... numer eee Sea $592,300 . 
Operation 
Estimated savings in operation and maintenance expenses... $284,000 
Production 


Not considered 
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Total Benefits 
Total benefits from development and operating economies... $876,300 
Total benefits the first three years.............0..+ceeceee 769,300 
Total benefits remaining life. . 2. ¢.:.. sass) ae sali eine 107,000 
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s total benefit in the amount of $876,300 is equivalent to 46 per cent. 
he total actual development expense, and of this 46 per cent., all but 
6 per cent. would be realized during the first 3 years. Over the producing 
life of the property, the total net accountable benefit from having the 
- group of leases assembled and under single ownership and management 
_ is represented by savings in total expense that are equivalent to an aver- 

age annual earning of 3.5 per cent. on the gross capital investment. 

7 An indirect benefit that has not been mentioned as favoring the 
principle of unit operation is the protection of the crude market and the 
- individual producer and royalty owner against the penalties of over- 
- production caused by unnecessary flush oil and untimely development. 
As example, the combined Haverhill leases were developed during a 
_ trying period with a flush peak of 2400 bbl. as compared with 7500 bbl. 
or more, if drilling had been normally competitive. 


CONCLUSION 


The cited benefits that will accrue from developing and operating the 
- Haverhill pool as a unit will not individually occur as economies in 
another unitized pool. Peculiar problems and conditions that exist in 
- one area may not be encountered in a corresponding degree of importance 
in another, but, in general, such differences should be compensative for 
different pools that are comparable as to size and general characteristics. 
The economies derived from the unitization of the Haverhill pool are 
an example of what might be expected from a general application of the 
plan. Under the existing and anticipated earning status of the business, 
from royalty owner to refiner, such potential savings cannot be dis- 
regarded. They should be an incentive and stimulus for ironing out 
apparent obstacles to unitization with the ultimate aim of the industry 
to apply its principles to the maximum. 
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By C. 8. Corsert,* New Yorx, N. ay 
(Tulsa Meeting, October, 1929) 


regarding unit operation of oil fields and the benefit that Boil ac 
if it could be extensively applied. It seems certain that, as an immedia 
corrective of the present situation, overproduction could be effectivel y 
curtailed with all the advantages of proper conservation of petroleum — 
resources and with no important loss to anyone connected with the industry. — 


Unit OPERATION IN CERTAIN FOREIGN FIELDS 


Many an oil operator in America would doubtless like to have exclu- ~ 
sive control of one or more oil-bearing structures for development in 
accordance with the economic position of the industry and especially in 
accordance with the best production practice known. <A few operators 
now have this privilege, particularly in certain foreign fields, and are 
following lines of procedure which show that they are aware of the great _ 
opportunity that is theirs. We find in an article by Professor Strigeoff,! 
and in a paper read by Captain Comins? before the American Petroleum 
Institute, the outlines of procedure adopted, respectively, by the Soviet 
Government for the nationalized Russian oil fields and by the Anglo- 
Persian Oil Co. for its fields in Persia. “4 

Comprehensive plans for the unit operation of other oil fields may 
have been described publicly but no such descriptions have come to the 
attention of the writer. New fields are coming more and more into 
the hands of single operators or of a few who control large activities and 
who appreciate fully the need for cooperative action and are willing to 
forego the lure of a large quick profit from high flush production in order 
to secure the advantage of better stabilization in the industry and a 
larger though more deferred profit by operating the field as a unit. Much 
can be done toward efficient development of an oil field controlled by a 
few operators who are willing to cooperate for that purpose, but the 
best result can be obtained only by pooling their interests in the field 


* Geologist, Gulf Oil Corpn. 


‘J. M. Strigeoff: Russian System of Field Development. Oil & Gas Jnl. (Apr. 
5, 1928) 26, No. 46, 67. 


* D. Comins: Unit Operations in Persia. Amer. Petr. Inst. Bull. (1929) 10, No. 
2, 32. 
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2 and operating it as a unit. It is an encouraging sign in the industry 


that the pooling of interests in various fields is being more and more 


discussed. 
The Persian fields are of the less common type in which the reservoir 
storage space consists of relatively large communicating openings in the 


7 - nature of crevices and solution cavities. As pointed out by Captain 
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Comins, the systematic collection of data and their correlation have 


- indicated clearly the measures to be taken for the proper development of 


the field. In the more common type of oil field, in which the reservoir 
storage space consists of the small interstices between sand grains, the 
measures to be taken for proper development cannot be so clearly indi- 
cated during the life of any particular field because of the lack of easy 
movement of gas, oil and water through the reservoir rocks. It will 


_ probably be a long time before the best plan of operation for fields of this 


type will be definitely established from actual field results. In the 
meantime, the subject must of necessity be considered largely from a 
theoretical standpoint. ; 

Shortly before the appearance of the paper by Professor Strigeoff, 
the writer had formulated a plan for the unit operation of the common 
type of oil field (having a sand or porous sandstone as reservoir rock) 
which was practically the opposite of that advocated by Professor 
Strigeoff. It is the purpose of this paper to outline this plan and to 
present the considerations which lead to the belief that it will result in 
the largest ultimate yield and the largest profit to the operator. 


OUTLINE OF THE PROCEDURE RECOMMENDED 


For convenience and because it is considered the ideal structure for 
oil accumulation, the elongate dome type of structure is used in this 
discussion, but the procedure described can be adapted just as well to 
oil accumulations that owe their concentration to other structural con- 
ditions, except those rare instances where the oil is in synclines because 
of lack of water in the rocks. As indicated above, the plan is proposed 


- only for fields in which the reservoir rock is of the nature of sand or sand- 


stone as to its storage characteristics—that is, a rock with small openings 
serving as the collecting space, rather than one with large openings, such 
as the honeycombed or cavernous limestone found in the Persian fields 
and in the South Fields of Mexico. In brief outline, the procedure 
advocated by the writer is as follows: 

1. Exploitation to begin with the taking of oil from wells which 
penetrate the producing formation a short distance (the first locations) 
down the dip beyond the limits of the free gas in the crestal part. 

2. Wells at locations successively down the dip to be drilled and 
brought into production as needed to maintain the required supply, 
the wells which have been producing being closed when their gas-oil 
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ratios become excessive as a result of the free gas in the formation gaining 


access to them. 

3. Gas produced with the oil (principally, of course, out of solaidies 
in the oil) in excess of the amount actually needed for use in the field to 
be returned to the formation through one or more wells penetrating the 
oil-bearing horizon in the free-gas area. 

4. When the field has been completely worked over and ordane 
has begun to fail in the lowest flank locations, edge-water encroachment 
to be used, aided if necessary by artificial water-flooding methods, and 
the field to be worked over again by opening wells successively in reverse 
order up the dip as needed. It will probably be inexpedient to return 
gas to the producing horizon during this stage unless the field pressure 
has dropped to a very low level. 

The first stage (working down the dip) makes use of gas drive, the 
second stage (working up the dip) uses water drive, and the combination 
of the two should give a larger ultimate recovery than could be obtained 
by any other means short of mining for the oil. Gas stored in the forma- 
tion during the first stage would be removed with the oil during the second 
stage and its eventual recovery would be practically complete. Prop- 
erly carried out, a minimum of oil will be by-passed by the gas drive 
and this will be mainly in the form of films adhering to the sand grains 
by absorption and held by capillarity. It is such retained oil that the 
water drive is particularly efficient in ‘‘prying loose,” especially if a 
solution of sodium carbonate is used. 

This brief statement of the plan is presented so that the reader may 
have the outline clearly in mind. The remainder of the paper gives in 
some detail considerations relating to oil accumulation in general and 
the recommended plan of exploitation in particular, so as to point out 
adequately its advantages. 


ConDITIONS IN O1L FIELDS 


In most domes containing a commercial oil accumulation, the reser- 
voir formation carries, in addition to the oil, hydrocarbon gas in the free 
state and in solution in the oil, and also salt water. The arrangement 
of these substances in the reservoir formation is the one familiar now to 
practically everyone at all interested in geology or in the producing phase 
of the oil industry; namely, the free gas at the crest of the dome, oil 
below (that is, down the dip from) the free gas accumulation and there- 
fore structurally lower than the gas and surrounding it in areal distribu- 
tion, and finally the salt water, in turn lower than the oil and surrounding 
it in areal distribution. Though these broad relationships are generally 
understood, it is doubtful whether a true picture of the horizontal and 
vertical scale, which commonly applies to the distribution of the three 
substances, is so widely held. Fig. 1, which shows a diagrammatic 
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The point to be emphasized here is that the thickness of the reservoir 
bed is ordinarily slight relative to the horizontal distance through which 


to ee common in California, we ahead of ee - gone: 
thick. Even there, however, it is iia that the thick ; 


meable layers, function de en dente is vous the it or gas | 
in them. In general, the ratio of the thickness of the producing | az 
to the distance through which the accumulated oil and gas extend across — 
the structure is roughly of the order of 1 to 100. With the surface of 
separation between the free gas and the oil and that between the oil ane 

the salt water approximately horizontal, and with the beds everywhere — a 

; inclined except at the crest, this limited thickness of a producing sand : 
means that, throughout most of the area of oil and gas accumulation. a __ 
well drilled through the producing sand will encounter only free gas or | 
| only oil (with dissolved gas). In a narrow belt near the lower edge of 
3 the oil accumulation, such a well would encounter oil and water in the 
| 


sand, and in a narrow belt near the upper edge it would encounter free _ 
gas and oil. Fig. 1 illustrates these statements. ; 


EXPEDIENT OBJECTIVES IN OIL-FIELD OPERATION 


There is general agreement among petroleum engineers that wells 
which penetrate the gas-bearing portion of a reservoir formation should 
be kept closed. There are two strong reasons for doing this: (1) to con- 
serve the underground pressure because of its value in oil production, 
and (2) to prevent oil from having access, as a result of gas drainage, to 
the dry sand of the free-gas area, since it is probable that most of the 
oil moving into the dry sand would not be recovered, except possibly 
by water-flooding methods in the final period of operation of the field. 
The temptation to take gas from such wells merely for use on the lease 
should be resisted and every feasible effort made to avoid such use. 
In no case should an attempt be made to turn a gas well into an oil pro- 
ducer by letting it blow off into the air. Production should be taken 
entirely from wells situated far enough below the crest so that free gas 
does not have access to them, except temporarily as noted below. Most 
of these wells will be situated on the flanks, a few will be on the plunging 
axis of the dome. _ It is only in the order in which these wells are brought 
into play, and in the choice of wells used for the return of gas to the sand, 
that further procedure in operating the field can be varied. 

In the development of every field that can be handled as a unit, it 
should be the aim of the operator, within the limits of maintaining the 
proper balance between costs and profit, to secure the maximum amount 
of oil with the minimum amount of underground movement of the oil 
to reach the wells. Such movement requires energy, and unnecessary. 
travel consumes energy which, if saved, can be used for extracting more 
oil, thus securing a larger ultimate yield from the field. To accomplish 
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- this aim is not entirely a matter of well spacing, though that feature is 
exceedingly important. Whatever system and interval of well spacing 
is chosen, it is very important that each unit of oil recovered be taken, 
as far as possible, from the well which penetrates the sand nearest to it. 


\ 
Meruops oF ATTAINING DESIRED OBJECTIVES 


One possible way of securing the desired result of producing oil from 
a field with a minimum amount of underground movement of the oil — 
to the wells may be by completing all of the wells before extraction of | 
oil is begun. The oil would then be drawn from them all simultaneously 
and such adjustments in rate of flow would be made from time to time 
as necessary to effect a uniform drop in pressure throughout the field. 

An important objection to this method is that there would be no 
opportunity for return of gas to the sand, since the localization of the 
returned gas would upset the uniform pressures to be maintained if 
the oil is to be prevented from traveling more than the shortest distance 
necessary to reach an outlet. No considerable pressure would remain 
in the formation to assist in recovering the oil left as films adhering to 
the sand grains and held by capillarity. 

In any case, the economic necessity of securing early returns on a 
large investment requires that oil be taken from a field concurrently with 
its development; that is, long before it is completely drilled. 

There seems to be a rather widespread idea in the ranks of the oil 
industry that, in unit operation, the early production should be taken 
from the low-flank wells,*? moving up the dip as development proceeds. 
Some engineers, for example Professor Strigeoff, would depend upon 
edge water to follow up the dip as the oil is exhausted and thus aid in 
bringing oil to the wells. If edge water does not follow readily and with 
sufficient pressure, artificial flooding is to be used. No provision is 
made for return of excess gas (out of solution from the oil produced) to 
the sand, since it will not be needed. The gas in the crest of the struc- 
ture serves no other purpose than to hold the body of oil in its original 
position—an important service, however, in that it would prevent 
the oil from moving upward into dry sand where much of it would not 
be readily recoverable. 

Others would select the low-flank wells for the earliest production 
for one or both of two other reasons; namely, (1) the belief that repres- 


8 For convenience in reference, the term “high-flank wells ”’ will be used for 
wells that penetrate the oil-bearing sand in the higher part of the area of oil accumula- 
tion (as it exists at the beginning of development), but not touching the free gas 
accumulation, and ‘low-flank wells” for those that penetrate the oil-bearing sand a 
short distance above the limits of salt-water accumulation. Wells on or near the 
plunging axis have essentially the same significance with respect to development of 


the field as flank wells. 


"EXPLOITATION OF AN OIL-BEARING 


suring by introduueng gas into low-flank wells i is the inet effe 
and (2) the supposition that oil produced from low-flank wells will be — 
obtained with a lower gas-oil ratio than from high-flank Welle: Th eae 
ideas will be discussed at appropriate places later. . 7 
The writer believes that there is much more to be gained by the — 
recommended procedure, as outlined above, in which the free gas is 
used as the driving agent in first working over the area of oilaccumulation __ 
and water is used as the driving agent in a second and final reworking ms 
of the area. > 


ADVANTAGES OF PROPOSED PLAN 


1. Maintenance of High Pressure in Reservoir 


The maintenance of high pressure in the reservoir formation and the 
successive extension of the free gas accumulation of the crest of the 
structure into the drainage areas of the wells is an important advantage. 
In the vicinity of wells being produced, the formation pressure will 
be lowered, of course. Widening of the drainage area of each producing 
well will be gradual. On account of Jamin action,‘ pressure decrease will 
not at any time extend far beyond the drainage area of such a well. 
The drainage area will enlarge as the oil is extracted until, through the 
combination of its extension and of the lowered pressure therein, the if 
high-pressure free gas a short distance up the dip breaks through and 
the drainage area becomes part of the free-gas area. Thus practically 
all of the flush-production oil in the drainage area of each well is obtained 
with the minimum of underground movement to the well and therefore 
with the least possible expenditure of energy. 

A rise in gas-oil ratio of any well should occur when the high-pressure 
free gas has broken through. According to Captain Comins’ discussion 
of the Persian fields, this rise is very gradual; but obviously it may be 
expected to be more rapid than it would be if the free-gas area had no 
connection with the well. The well may be continued in production as 
long as its daily yield of oil warrants. Since the excess gas is returned 
to the sand, the production during this period is by an operation which 
is in effect a gas-lift. Captain Comins found such conditions in the 
Persian fields, for he says: “In the early stages of going to gas, the 
increased supply at the feet of the wells acted as a natural gas-lift, and 
the production of such wells was materially increased.” 

As soon as the well is closed, high pressure will be reestablished 
throughout its drainage area, as a result of which the gas disseminated 


48. C. Herold: Jamin Action—What It Is and How It Affects Production of Oil 
and Gas. Bull., Amer. Assn. Petr. Geol. (1928) 12, 659. Also, Analytical Principles 


of the Production of Oil, Gas, and Water from Wells. Stanford Univ. Press (1928) 
410. 
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through the residual oil in the form of small bubbles should be in large 
measure redissolved. So far as this takes place, the oil will then become 
free-draining and can flow off down the dip to join again the main 
body of oil. 


2. Maintenance of Relative Position of Gas and Liquids 


The maintenance, during the entire producing life of the structure, 
of the same relative position of gas and liquids as that in which they 


‘were originally arranged during accumulation, with provision at the 


same time for return of gas to the sand without disturbing this arrange- 
ment, is the second advantage. The use of edge water as the agent to 
follow up the oil from the beginning does not, of course, disturb the 
natural arrangement, but also it does not provide for the return of gas 
to the formation. 

As mentioned, some petroleum geologists and engineers recommend 
that excess gas be returned to the sand through low-flank wells. They 
favor this because gas, introduced into an oil-bearing stratum, has been 
found to move up-dip more readily than down-dip. They would take 
advantage of this tendency by having. the gas push oil upward into > 
wells situated structurally higher. This procedure would place gas in 
the reservoir formation between the oil and the salt water; that is, out 
of its proper place on a gravity basis. Moreover, it takes no account 
of the reason for the gas moving up-dip more readily than down, which 
is simply that the gas is lighter than other fluid substances in the forma- 
tion. Consequently, if gas introduced into flank wells pushes oil upward 
into higher wells, it is only because oil or heavier gas is working downward 
elsewhere and forcing the introduced gas upward. As far as relief of 
pressure alone is concerned, gas will move in one direction as readily 
as in another. Therefore, when gas is introduced in the crestal part of 
the structure and cannot move further upward, it must exert a downward 
pressure on the oil below and drive it toward wells lower on the structure. 

The acknowledged tendency for gas to work up the dip is a strong 
argument for introducing it in the crestal part of the structure and getting 
the direct benefit of its downward thrust against the oil. The strength 
of this tendency is a measure of the ability of gas to separate 
from oil on a gravity basis and indicates that, if kept in its normal position 
above the oil, it can be used effectively as an advancing wall to drive oil 
down-dip ahead of it. Using it to drive oil upward in the manner some 
have recommended would be, in unit development of an oil-bearing 
structure, an indirect method of taking advantage of the feature discussed. 


3. Mobility of Gas 


The third advantage lies in the greater mobility of gas than of water 
and its unlimited expansibility, whereby it can readily keep pace with 
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the extraction of the oil ee will ma: 
neither to interruption nor to sudden ae Th 
of a gas than of a liquid is too well known to require d 
property of expanding to fill all the space available to it gives « 
that the pressure it will exert on the oil will be uninterrupted r 

of speed of withdrawal of the oil. 


4. Regularity of Surface between Oil and Gas 


Greater regularity of surface between the main body of oil a) oe 
free gas acting upon it as the driving agent, providing channeling is 
avoided, forms another advantage. This effect is perhaps more specula- 
tive than any of the other advantages discussed, but it seems to the 
writer none the less probable and fully as important as some of the 
others. While not much quantitative information is yet available as to 
the effect of dissolved gas upon the viscosity and the surface tension of 
oil, it has feen definitely shown by Beecher and Parkhurst’ that both 
are appreciably reduced by dissolved gas. By virtue of lower viscosity 
the upper surface of the body of oil will tend to remain smoother and 
more nearly horizontal during its downward movement. Because 
of a lower surface tension and resulting decrease in capillarity, a larger 
percentage of oil will drain from the sand as the surface of the oil body 
recedes. These two features, together with the minimizing of the effect 
of disseminated gas bubbles discussed under advantage 1, would tend 
strongly toward the maintenance of an even receding surface of the body 
of oil, thereby reducing the opportunity for the advancing front of the 
free gas to by-pass important quantities of recoverable oil. 

In contrast to the effect just described, if oil is taken from low-flank 
wells and edge water is used as the driving agent, the lowered pressure 
and accompanying decrease in dissolved gas will mean higher viscosity, 
higher surface tension with resulting increase in capillarity, and pro- 
nounced Jamin action. Irregularities which develop in the receding 
surface of the body of oil are thus more likely to remain and eventually 
lead to the by-passing of important amounts of oil that otherwise would 
be recovered. 

A contributing factor of probable importance in producing a more 
even surface in the use of downward gas drive than in the use of upward 
water drive is that of specific gravity differences. In a recent discussion 
of gas traps,® the statement is made that “in raising the pressure from 
atmospheric to 300 lb. the proportional densities of the oil and gas 
change from about 880:1 to 41:1.” Assuming that the change continues 
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°C, E. Beecher and I. P. Parkhurst: Effect of Dissolved Gas upon the Viscosity 
and Surface Tension of Crude Oil. Petroleum Development and Technology in 
1926, A. I. M. E. (1927) 51. 
°C. C. Taylor: Modern Gas Trap Installation. Oil Weekly (1929) 25, No. 13; 32. 
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at essentially the same rate, the ratio of densities of oil and gas at 1000 


lb. per sq. in.? would be about 11:1. This is in contrast to a ratio of 
densities of oil and salt water of approximately 0.7:1 or 0.8:1. These 
ratios may not be strictly accurate or invariable but they give a fair 
idea of the order of magnitude of the difference. It is entirely reasonable | 
to suppose that two fluid substances in contact will tend much more 
strongly to maintain a horizontal surface of contact when the ratio of 
their densities is 11:1 than when that ratio is only 0.8:1. 


5. Time for Oil to Drain into Wells 


The fifth advantage is the extended period of time during which any 
oil that may have been by-passed by the advancing front of the free gas 
accumulation can be draining toward producing wells. Under advantage - 
1 has been mentioned the assistance which the reestablishment of high 
pressure would give, on account of re-solution of disseminated gas bubbles. 
In proportion as the gas bubbles are removed, the oil becomes free 
draining, except the portion of it held by adsorption on the sand grains 
and by capillarity between grains. The drainage will be downward, 
caused by gravity and by the downward circulation of gas through the 
‘sand, especially if some production is taken from wells to which free gas 
has access. At best the drainage will be slow, consequently the value 
of a system of production that affords a long time for drainage of oil 
left in the sand will be enhanced by reason of this long period of drainage. 
In contrast to this, we may be reasonably sure that oil by-passed in the 
use of water drive is thereby wholly lost. 


6. Recovery of Flush-production Oil with Appropriate Gas-oil Ratio 


The sixth advantage is the recovery of practically all of the flush 
production oil of the field with a gas-oil ratio always appropriate for 
the oil being produced at any time during the development of the field. 
This naturally follows from the consideration, developed under advantage 
1, that practically all of such oil is obtained with the minimum of move- 
ment to the well. That is, if the oil in various parts of the structure 
has varying amounts of gas in solution, the gas-oil ratio involved in its 
recovery will vary more or less directly in relation to the amount of gas 
in solution, other things being equal. 

Very little information seems to have been made public regarding 
the relation between gas-oil ratio and structural position of producing 
wells in various fields. Two fields are cited in a recent report,’ in which 
wells high on the structure produced with higher gas-oil ratios than wells 


7 Bottom-hole pressures of 1000 lb. per sq. in. are commonly found at depths of 
about 2500 feet. 

8 Function of Natural Gas in the Production of Oil. A Report of the U.S. Bureau 
of Mines and the American Petroleum Institute, 1929, pp. 45 and 55, respectively. 
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situated lower. One is the Rainbow Bend field, Kansas, where ‘ ‘the a 
gas-oil ratio increased progressively from 2000 cu. ft. per bbl. on the flanks 


to 7000 cu. ft. per bbl. on the crest of the structure. There was also a 
variation in the specific gravity of the gas from 0.89 (air = 1) on the 
flanks to 0.73 on the crest.’’ The other is the Salt Creek field, Wyoming, 
where “data gathered from approximately 100 Second Wall Creek sand 
wells . . . show that wells located low on the structure had lower gas-oil 
ratios than those located at structurally higher elevations.” The increase 


in gas-oil ratio amounted to 500 cu. ft. per bbl. for each structural rise of 


200 ft. The following statements are given in explanation of this increase 
at Salt Creek: ‘‘Undoubtedly this fact is due to the tendency of the gas 
to segregate from the oil and migrate towards the top of the structure. 
’That such segregation occurred was definitely proved when the field 
had declined to the pumping stage and wells on top of the structure began 
to produce increased quantities of gas. There was no evidence of any 
segregation of gas from the oil and its migration to structurally higher 
points during the early life of the field.’ It is possible that the same 
explanation may apply to the Rainbow Bend field. In general, it seems 
likely that such a situation would arise in any strongly competitive 
field. The rapid drilling of wells in all parts of the field would give 
early opportunity for gas to segregate from the oil in the drainage areas of 
the lower wells and move upward into the drainage areas of higher wells, 
thereby raising the gas-oil ratios of production in the latter. 

The reverse was found to hold in the Persian fields, where according 
to Captain Comins, ‘‘wells down the flank have greater rock pressures 
and, therefore, greater gas-oil ratios than wells up the flank (excluding 
those very near gas-oil level).’”’® Captain Comins also said that in the 
Naft Khaneh field, a mathematical relation between gas content and oil 
pressure up to 1500 lb. per sq. in. had been determined experimentally, 
and that this relation was found to apply very closely to conditions in 
two other fields situated “hundreds of miles from Naft Khaneh.” The 
gas increased with pressure, not in direct ratio but at a rate somewhat 
greater than in proportion to the square root of the pressure, as may be 
seen by the mathematical expression given: G = 1.36 P9-558 “where P 
is the oil pressure (gage) and @ is the gas content at that pressure.” 
The Persian data are from fields in which the oil-bearing formation is 
honeycombed or cavernous and the production is under hydraulic rather 
than capillary control. The gas produced with the oil in each well, 
therefore, represents all the gas from solution in the oil being cur- 
rently produced, and little or none segregates in the formation. 

It is highly improbable that the nature of the reservoir formation will 
affect materially the original relation between gas content and pressure, 


* D, Comins: Op. cit. The parentheses are part of the quotation. 
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though in the two preceding paragraphs the statements indicate that it 


may influence the gas-oil ratio of production under certain conditions. 


The high gas-oil ratios of high-flank wells in fields developed com- 
petitively may be simply another indication of the inefficiency of the 
use of gas pressures in such development. They give no assurance that, 
in the systematic development of such a fleld, there is anything to be 
gained by starting with low-flank wells and working up the dip as against 
starting with high-flank wells and working down the dip. The best 
that one can hope for in the productive life of a field as a whole is that 
the oil be produced with a gas-oil ratio proportionate to the amount of 
gas dissolved in the oil, under conditions in which the pressure of this 
gas is used as effectively as possible under current economic conditions 
in the industry. 


7. Relatively Small Investment i Drilled Wells 


The relatively small investment in drilled wells required in advance 
of their actual need to maintain production is the seventh advantage. 
In order to put the proposed plan into operation, it is only necessary to 
complete enough wells to permit taking the required daily production 
of oil from just below the limits of the free gas accumulation, having 
one well in the free-gas area for return of gas. While it may be desirable 
rather early in the life of the field to determine the lower limit of the oil 
accumulation for the purpose of estimating reserves, no immediate 
search for that limit is necessary, as would be the case for any plan 
contemplating the use of low-flank wells in starting the exploitation 
of the field. In fact, the operation of the plan advocated here would 
call for a minimum advance investment in drilled wells and for few, 
if any, expensive installations or investments other than would have 
to be made in any circumstances for the field. The required daily 
production can be taken from many wells at a low daily rate per well 
or from as few wells as needed to supply. the amount at capacity pro- 
duction, depending upon which policy—production under back-pressure 
or open-flow conditions—gives higher efficiency for the field under 


exploitation. 


8. Amount of Oil Obtained as Flowed Production 


The larger amount of oil from the field to be obtained as flowed 
production is the eighth advantage. It is believed that the maintenance 
of the high pressure in the reservoir formation by the procedure outlined 
will result in recovery of a very large proportion of the total oil obtained 
by free flow from the wells. Indeed, all of the oil obtained from each 
well up to the time it is closed in, on account of encroachment of the 
expanding area of free gas, should represent flowed production. There- 
fore there should be less need for the direct application of the gas-lift, 
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DISCUSSION 


R. W. Brown,* Tulsa, Okla.—If a pool were developed in accordance with the 
proposed plan a long period of time might be required for its development and the rate 
of production would be decreased. As noted by Mr. Corbett, the deferred develop- 
ment results in less initial investment and smaller interest charges. This is particu- 
larly true where the drilling costs are great, but where the leasehold costs are large 
as compared with drilling costs this factor is of relatively little importance. Indeed, 
if large sums have been paid for the oil rights, the annual earnings might be reduced 
to the point where a large part of them would be required to pay the interest on the 
original investment. In any case the present value of the future earnings would be 
reduced, and in certain cases possibly more so than would be compensated by the 
increased production (if any). For example, using an interest rate of 10 per cent., 
1,500,000 bbl. of oil recovered mostly in one or two years will be worth 50 per stl of 
more than 2,000,000 bbl. of oil recovered equally over a period of 20 years, assuming a 
the same net income per barrel. Assuming an interest rate of 10 per cent., $1 received : 
10 years hence is worth only 38 c., and $1 received 20 years hence is worth only 14 ¢. 
at the present time. The interest factor thus places a definite limitation upon any 
plan that increases the time during which oil can be recovered, as income received 
after a period of 20 years has relatively little value. In order to test the value of the 
proposed plan (where increased production can be anticipated by its adoption) it is 
suggested that certain estimates, or assumptions (in case there are insufficient data 
for estimates) be made regarding the rate of production, income, and costs under two 
or more plans and then valuations made using the present value method to determine 
which plan is the more profitable. The writer does not wish to predict the results 
of such an analysis in a given case, as other factors besides interest and discount must 
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g two advantages of the proposed plan, the impression may have 
V + the recovery of oil from a field so operated would necessarily be slower 
y other methods of unit development. Actually, there would seem to be no 
ason why production could not be at as high a rate as in any other method, 
perhaps one in which as many strings of tools were used as in the development 
ighly competitive field. Avoidance of such feverish activity is one of the main- 
s of the unit operation idea. At the present time, ‘in fact, practically the entire 
oil industry in America is convinced that a larger return on investment is to be 
ed by deferring development somewhat than by continuing at the former head- 
ed that had seriously affected the price structure of petroleum products. 
It is quite possible that much of the increase in ultimate production which it is 
believed the proposed method of exploitation will afford could not be recovered until 
ter the time when the production of the field would otherwise be of little or no 
consequence. This is not a case of postponing the recovery of oil that might be 
_ produced earlier but rather one of securing oil that would otherwise presumably be 
‘left in the ground. The present worth of such oil may be nil but obviously it will 
attain value later in the life of the field. Though the lateness of recovery of this 
additional oil is unavoidable, the profit on it when finally produced should be so much 
clear gain to the operator. 
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Brown’s comments are well taken as a reminder that 
ions must not be overlooked in the exploitation of an oil field. ina 
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Production Engineering in 1929* 


By C. V. Mmurxkan,{ Tuusa, Oxua. 


(New York Meeting, February, 1930) 


Propuction engineering has continued its rapid progress during the 
past year. Many engineering efficiencies long practiced in other indus- 
tries are being rapidly accepted by the oil industry, and every branch 
of development and production work is undergoing study that is reducing 
the time and hazard in the drilling of wells even for greater depths, is 
securing better service from equipment, and is obtaining greater ultimate 
recovery from the reservoirs. 


DEVIATION oF Dritt HOoLes 


Deviation of drill holes probably has attracted greater and wider study 
than any other subject. Until about one year ago it had been given little 
attention. Some California operators knew the common magnitude of 
deviation, but Mid-Continent operators hesitated to believe that holes 
could be drilled so crooked. The great emphasis and publicity given 
to the seriousness of the problem resulted in the design of many instru- 
ments to record the deviation by chart or photograph. Instruments 
which would give the direction as well as deviation were not generally 
favored because of the grave fears of the legal complications which might 
result if the bottom of a producing well should prove to be on a neighbor- 
ing lease. With all the instruments available for determining deviation, 
the use of etching on a glass bottle by hydrofluoric acid is still the most 
common method employed. 

The beneficial result of this earnest effort to drill straighter holes 
is proved by a comparison of deviation of wells completed recently with 
those completed over a year ago. The time of this change is arbitrarily 
taken as Jan. 1, 1929, as at that time the operators were aware of the 
deviation which usually occurred, and most of them were making some 
effort to reduce it. Table 1 shows averages of wells completed by several 
companies, Data on a few wells outside the greater Seminole area are 
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included. The depth and drilling time are for only the portion of the 


hole drilled by rotary, and the deviation is expressed in terms of 


the vertical correction. 


TaBLE 1.—Averages of Wells 


Wells with 30 
Vertical | Ft. or Less 


Period in Which Wells Were Drilling 


Numb: D ‘ 
Complated of Wells| Feet" | Time, | per Day | ,,Cormees, | Vertioal Cor- 

| : ent. 
Prior to Jan. 1, 1929....... 103 3891 4] 95 115 
Subsequent to Jan. 1, 1929..| 237 3862 40 97 26 

ProGrREss OF DRILLING STRAIGHTER HOLES 

Prior todan. 1, 1929....... 18 3795 54 70 12.6 25 
Jan.—Feb., 1929........... 21 3980 47 85 16.0 55 
March-April, 1929......... a 3990 45 89 13.5 61 
May-June, 1929........... 9 3775 37 101 10.3 43 
July-August, 1929......... 36. | 3815 | 40 96 8.6 77 
Sept.—Oct., 1929........... 29 | 38388 | 43 89 2.9 93 


The first method of drilling straighter holes was by reducing the 
weight carried on the bit, which reduced the rate of drilling. The drillers” 
soon learned that by using more even and better controlled weight on the 
bit, keeping the bits sharp, using bits with longer shanks, longer drill 
collars, reamers, and better control of slush pumps, as much footage could 
be made drilling straight holes as was made when less attention was given 
to these features. The lower half of Table 1 shows the progress of drilling 
straighter holes. It includes only wells that had a vertical correction 
of 30 ft. or less, the last column giving the number of such wells expressed 
in percentage of all wells on which data were available. 

Reduced drilling costs, including labor, fuel, water, and casing, plus 
footage saved in straight holes over crooked holes, has probably amply 
repaid the industry for its effort to drill straighter holes. In addition 
to this, savings which are hard to evaluate but are of much greater impor- 
tance are longer life for drilling equipment, fewer fishing jobs and redrilled 
holes, lower cost of operation and, most important of all, the increase 
in ultimate recovery resulting from more even spacing of wells in the 
producing formation. 


Drrep WELLS 


Wells completed below 6000 and 7000 ft. with high initial oil and gas 
production and closed-in pressure in excess of 2000 lb. have become so 
common as to create no more than passing comment. Such wells have 
required not only larger and stronger equipment both for drilling and for 
producing, but equipment of more efficient design. Correlative study 


Cue, fo oftate a pettss batetiee in a power and st1 ? 
different parts, such as boilers, engines, draw-works and slush 

Such work will reduce hazards of drilling and obtain a greater. 
“ment efficiency. Casing made of steel with a minimum tensile 
of 95,000 Ib. is commonly used in the deeper wells, while heretofore 
little casing has been required better than A. P. I. grade C ( (mini mur 
tensile 75,000 pounds). 2 


PUMPING AND REPRESSURING 


Pumping equipment has been studied closely, with sucker rods receiv- 
ing probably the most detailed work. Dynamometers of several styles — 
have been developed and improved, and nearly all the larger companies 
are using them to determine the best pumping condition and improve © 
the efficiency of transmission of power from the prime mover to the sucker 
rods. Several of the larger companies have established laboratories 
to test material and equipment before it is reeommended for field use, and 
better service records are being kept to determine what kind of equipment 
or material gives the most economical service. This type of work will 
have much more of the engineer’s attention in the future. 

Air-gas lift has not occupied the amount of engineering time in the 
past year that was given to it during the preceding two years. It has, 
however, been made more efficient in technology. Intermittent injection 
has probably received the greatest study and shows the greatest advance- 
ment, especially where two strings of tubing are used in such a way as to 
prevent back-pressure against the sand. It is interesting that this same 
method was successfully used in Pennsylvania as early as 1903. Inter- 
mittent injection where the same tubing arrangement is used for con- 
tinuous injection is also becoming a more common practice. These 
improved practices, better understanding of lifting by continuous injec- 
tion and more economic operation of gas-lift equipment, have reduced 
the economic limit of producing oil by air-gas lift. 

Pressure maintenance work has been carried on during the past year 
with encouraging results. Wells in one field are flowing against a trap 
pressure of as high as 400 Ib. and the gas is returned to the sand at a pres- 
sure of 1400 lb. Repressuring and gas drives are being used in younger 
fields than formerly, and also to retard water encroachment where 
rejuvenation of production may be secondary. 
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- UNDERGROUND STORAGE 


Underground storage of crude oil was practiced by a California 
operator during the year. Excess production of several thousand barrels 
daily from one field was piped to another field partly depleted and owned 
in fee, where it was pumped into the producing formation with enough 


a 


gas to make a normal gas-oil ratio. While this work has not gone far 

enough to determine the final results, tests indicate that the older field 
has been rejuvenated sufficiently so that ultimate recovery may be 
expected not only of the oil that has been injected, but of an additional 


“Wier 


amount in excess of that estimated to have been recovered without rejuve- 


nation. This is probably the most interesting, and may prove to be the 


most revolutionary, development in production practice during the year. 


TREND TOWARD UNIT OPERATION 


Production has been curtailed in some Mid-Continent districts because 


— of limited market outlet, by applying a fixed ratio of reduction to all 


leases alike, regardless of other considerations. While such a procedure 
is not the soundest engineering practice, it does show that it is becoming 
easier to obtain agreement of operators to methods of producing which 
will be of mutual benefit, and will lead to the ideal condition—unit 
operation. The State of California has enacted a law to prevent waste 
of natural gas which, when intelligently enforced, will generally conserve 
gas energy and encourage cooperative agreements to the end of greater 
ultimate oil recovery. 

The Petroleum Division of the A. I. M. E. at its October meeting 
conducted a comprehensive study of well spacing. With the coming 
of unit operation, problems of well spacing, sequence of development, 
conservation of gas energy and pressure maintenance will be of even 
greater importance than under competitive development, and therefore 
constitute the outstanding economic problems of the production 


engineer today. 


DISCUSSION 


D. GC. Barron,* Houston, Texas.—Is the effect of the increased efficiency showing 
up in the costs of production in 1929 compared to those of previous years—is the 
increase in engineering efficiency showing up in the balance sheet in the cost of 
production? 

C. V. Miturkan.—It is showing up indirectly. It may not be an actual reduced 
cost but may be the same cost for deeper development, deeper pumping, and larger 
production of oil and water. Without these efficiencies costs would have increased 


greatly. 


* Consulting Geologist and Geophysicist. 


Chapter II. Well Spacing 


A Theory of Well Spacing* 
" ! 
By W. P. Haseman,{ OKLAHOMA City, OKLA. 
(Tulsa Meeting, October, 1929) 


Tuer well method of producing oil and gas is universally used in 
the development and operation of oil and gas properties. It consists 
essentially in the spacing of a number of wells on a given tract, and in 


drilling and operating them in accordance with established practices. — 


The method is based on a fundamental energy principle. This principle 
governs the state and the change of state of fluids or fluid mixtures con- 
fined under pressure within a porous and permeable reservoir in such 
a way as to direct a flow from the reservoir into and out of a drilled well 
with a reduction of potential energy. 

The application of the well method of producing oil has given data 


which prove that the total yield of oil from a reservoir through wells is, 


in general, only a small fractional part of the total oil that is contained 
in the reservoir. It is generally recognized that a spacing of one well 
to each 160-acre tract of any good oil pool is too wide. However, one 
well to this 160-acre tract will yield a large quantity of oil and in time will 
dissipate most, if not all, of the potential energy that was originally stored 
and retained in the fluids by pressure. Two wells spaced and drilled on 
this 160-acre tract would yield approximately twice the quantity of ae 
while four wells would yield approximately four times the oil. 

A well spacing is soon reached, with the addition of wells to this 160- 
acre tract, in which the drainage interference of offset wells will materially 
affect the yield of oil per well. The increased yield of oil, therefore, is 
not directly proportional to the added number of wells but the increased 
costs of development are directly proportional to the added number of 
wells. It is evident that. while an added number of wells to this 160- 
acre tract yields an increased quantity of oil, there is an economic limit 
to the number of wells to be added. The yield of oil and the costs of 
development and operation are of such a nature, and are so related, that 


* For discussion by the author of his equation and its application, see his articles 
including charts and tables, in Natl. Petr. News (1929) 21, No. 19, 59, and No. 23, 63. 
t Consulting Engineer. 
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the net profit to be yielded from this 160-acre tract will increase to a 


-maximum at some critical number of wells. 


A spacing of wells on a given tract which efficiently utilizes the natural 
potential energy in the fluids in the yield of oil is generally too wide 
for the efficient utilization of the artificial energy of repressuring. Added 
wells are essential, therefore, in most repressuring operations. These 
added wells, however, should be drilled in the early development of the 
tract and operated so as to secure added efficiency in the utilization of the 
natural potential energy in the fluids. The early addition of these wells 
up to a certain limit is more effective in securing an increased economical 
yield of oil than is the repressuring operation. 

The spacing of wells is truly a scientific problem. It has been for- 
mulated and a solution has been reported in a recent paper.” The prin- 
ciples which control well spacing and which are essential to a formulation 
of the problem will be outlined and briefly discussed. 

The yield of oil from a well is known to be affected by many and varied 
factors.’ This fact precludes the development of a practical well-spacing 
formula which includes as many constants as there are factors. It is 
possible and of interest to classify and list these factors in groups and to 
analyze and formulate the well-spacing problem in terms of group factors. 
As a basis for this discussion the factors will be listed in two groups: 

Group 1.—Fixed factors. 

Group 2.—Variable factors. 

Most of the fixed group factors define the conditions or characteristics 
of the reservoir stratum and the confined fluids which affect the yield 
of oil. The fixed group factors affect the potential oil of a pool that can 
be yielded by wells and determine whether or not an oil pool will be 
commercially profitable for any spacing of wells whatsoever. Among 
these factors are porosity, sand texture, cementation, specific gravity 
of oil, viscosity of oil, natural gas-oil ratio, thickness of pay stratum, 
saturation of pay stratum, etc. They affect the yield of the oil from a 
well in a more or less uniform manner for the various spacings of wells. 
The magnitudes and trends, if any, of their influences on the yield 
of oil are considered to be fixed and not materially altered, at least, by 
any spacing of wells such as would be used in the commercial operation 
of a given tract in an oil pool. The variable group factors are largely 
controllable factors and can be fixed at will. Among these factors are the 
spacing of wells, the timing of completion of offset wells, the depth of 


1 W. P. Haseman: Profits and Proper Spacing of Wells. Oil & Gas Jnl. (Oct. 18, 


1928) 27, No. 22, 53. 
2 W. P. Haseman: A Formula Method for Well Spacing and Rate of Production. 


Natl. Petr. News (1929) 21, No. 19, 59. 
3 Idem. 
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Tera siON oF FoRMULA 


The production of oil by the well method is a phesioaeieee Ga 
controlled by fundamental principles. These principles govern many 
natural phenomena such as monomolecular and radioactive changes. _ 
In picturing this phenonenon of producing oil, each producing unit, 
which consists of one well, the reservoir stratum and the confined fluids _ 
within the drainage distance of the well, is assumed to contain a definite 

-and measurable quantity of oil. This quantity of oil is considered to be 
composed of two portions, the one portion termed active and the 
other znactive. 

The active oil is energized by the gas and vapors associated and 
retained with it under pressure. It represents the potential quantity of 
oil that can be yielded by drilled wells. The number and spacing of the 
wells to a given tract determine, largely if not wholly, the efficiency of the 
yield of this potential oil. The inactive oil represents the quantity of oil 
that is held on the material grains of which the reservoir stratum is 
composed, and is otherwise held by films and allied molecular phenomena. 
The inactive oil must be treated or acted upon by some agent such as 
heat, chemicals, etc., before it is transformed into active oil and yielded 
commercially by wells. Now let 


Po represent the total quantity of active oil under a given tract, 
P; represent the quantity of active oil that is yielded by n wells 
spaced to the given tract, = 
Py — P, represent the quantity of active oil remaining in the reservoir 
and which could have been yielded by added wells spaced to 

the given tract. 
In accord with the principles that control these changes, an added well 
to the tract would have yielded an added quantity of oil proportional 


to the quantity of active oil remaining in the reservoir under the tract. 
Therefore 
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‘This is a spacing formula which can be applied directly to the spacing 


a of wells on tracts in an oil pool provided the operating conditions in the 


pool conform to the assumed conditionsinthe formula. When the operat- 

ing conditions deviate from the assumed conditions, it is necessary to 
evaluate the disturbing conditions by special knowledge and formulas and 
to introduce an engineering safety factor into the result of the 
spacing formula. 

This formula is most useful in the science of oil production. It gives 
new and needed data that check most favorably with available field 
data. In addition, it is the fundamental basis upon which there has been 
developed a practical method for the study and determination of the 
program of development and operation of an oil property that would give 
a greater yielding efficiency of oil and profit. The method is equally 
applicable to proved but undeveloped properties and to depleted but 
repressuring properties. 


DISCUSSION 


S. C. Heroxp,* Los Angeles, Calif. (written discussion).—If each of us was asked . 
to develop a formula pertaining to the spacing of wells in accordance with known and 
most probable factors affecting production in any given field it is likely that no two 
such formulas would be identical. Probably most, if not all, of them would be 
adequate, but certainly some would be simpler than others, and therefore more con- 
venient. Dr. Haseman gives one which I am inclined to accept as adequate and 
convenient because of its exponential form. If any difficulty is to be encountered 
in the use of his formula it will be on account of uncertainties respecting the values of 
quantities to be substituted. 

I do not go as far as Dr. Haseman in supposing his equation to have a fundamental 
scientific basis in well or reservoir performance. It is*rather, I believe, merely an 
approximation formula, an empirical formula, or a rule of thumb formula, the value 
of which depends solely upon its efficacy in giving a solution reasonably accurate as 
shown by later history in producing from the field. A formula of exponential form 
can be entirely adequate from a practical point of view while it is at the same time an 
absurdity purely from the theoretical point of view. In order that we may obtain an 
idea of the practical utility of his equation, Dr. Haseman has given us his Table 2.5 
No better agreement between actual and computed values should be desired. 

The spacing constant, designated by the Greek letter lambda, so necessary in the 
use of this formula, is not fully explained. Seemingly it is the quantity wherein 
factors of Groups 1 and 2enter. After reading Dr. Haseman’s present paper, and its 
equivalent in the National Petroleum News of May 8, 1929, I feel that before pressing 
too strongly for information concerning it, one should carefully ascertain from Dr. 
Haseman an answer to the question, “Is the evaluation of lambda performed by a 
process or by a formula retained in secrecy ae 3 

We are told that when operating conditions deviate from assumed conditions, it 
is necessary to evaluate the disturbing conditions, but if this is to be done by means of 
special knowledge, I am naturally curious about that special knowledge. Perhaps 
Dr. Haseman will favor us with a statement concerning its nature. 


* Petroleum Geologist. 
5 Tdem., 63. 
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Dr. Haseman’s ee we learn, Ree. pplicabl sd | 
properties. In this case, how may one evaluate the quantity PB 
total quantity of active oil under a given tract 

The formula is said to be equally applicable to depleted b Engi 
I would ordinarily expect otherwise, in view of the fact that repressuring Op 
are usually equivalent to a forced drive. Where motion is confined to a ci 
with natural flow, airlift and pump, it becomes elliptical in forced drive. 1 
throw the equation off considerably. Nevertheless, I would accept data in the n 
of Table 2 as authority if and when such are available. wt 
' Jt is no difficult task to call attention to disadvantages displayed by any suggested — 
formula. There is one outstanding advantage in the present one which we should not 4 
overlook; namely, that its use does not necessitate our understanding the intricate — 
theoretical mechanics of reservoir performance. We need not concern ourselves with 
the capillary resistance due to alternating globules of oil and bubbles of gas in the 
interstices of the porous formation, nor worry in the least about the effects of back- 
pressures against production. These features are automatically cared for in a formula 
of this nature. : a 


a 


H. D. Wipe, Jr.,* Houston, Texas.—I prepared a written discussion, but Dr. 
Herold’s comment agrees so well with mine, point by point, that presentation of 
mine does not seem necessary. 


Memser.—Is the evaluation of 50 per cent. the limit of recovery? 


W. P. HasemMan.—No, not necessarily so. Knowledge gained by extensive labora- 
tory experiments and field operations at Pechelbronn give a maximum ultimate 
recovery around 50 per cent. An infinite number of wells drilled to a finite area is 
equivalent to a mining method of producing oil with very closely spaced tunnels. 

The value of Py) depends upon the sand and fluid conditions and may be as small 
as, say 10 per cent. and theoretically as large as 100 per cent. The shape of the curve 
and the values of P,; within the economic limits of n for a commercial pool is altered 
little by a change of Po from 50 to 30 per cent. or to 80 per cent in the formula. 

For the special case where Po equals 50 per cent. and one well is drilled to each 10 
acres with a yield of 15 per cent., substitute 15 for Py, 50 for Po and 1 for nin the form- 
ula. The spacing constant > is the only unknown term in the equation, 15 = 
50(1 — e-*). The numerical value of ) is the reciprocal of the number of wells to be 
drilled to each 10 acres to yield around 63 per cent. of the maximum possible yield of 
oil through drilled wells. 


~ 


MemsBer.—May I ask why you hit on 68 per cent.? 


W. P. HasEMAN. —For the case where \ equals 1/n the equation becomes Pp, 
Pils=.e) p= P(1\ — 0.3678) = P (0.63). Therefore where \ = 1/n the vield is is 
Pe 0.63ihin 


Memper.—TIf you had three months production history on a well in that pool could 
you get the formula by production and not by curves? 


W. P. Haseman.—I infer that you desire to know what spacing of the wells would 
be best in the pool, The formula is applicable to commercial pools only. In case 
the pool of which you speak is to be a commercial pool one can compute with con- 
siderable security the increased profits of one spacing over that of another spacing. 


* Director of Production Research, Development Department, Humble Oil & 
Refining Co. 
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The computation can in general be made on the first three months production of the . 
discovery well. 


MemseEr.—How much could you improve on that if you had production data? _ 


W. P. Haseman.—Additional production data, particularly production data of 
individual wells, are most valuable in more definitely defining the maximum net 
profit on the curve. Since in many commercial pools with a spacing of one well to 
each 10 acres the wells yield around 60 per cent. of their ultimate production within 
the first four months the flush production data are important. 


_ Memper.—You say that where operating conditions deviate from assumed con- 
ditions it is necessary to evaluate the disturbing conditions by means of PReciald knowl- 
edge. Could you tell us about that special knowledge? 


W. P. Haseman.—In the practical application of the formula such disturbing 
conditions as delayed completion of offset wells must be evaluated. This necessarily 
rests upon knowledge secured by some theory of decline of well production. The 
evaluation of such disturbing conditions can be made within economic security from 
present known data. Added data are much needed to more definitely define the 
limits of the constants in the formula. The details of this determination are too 
lengthy to be given here. 


Memser.—Dr. Herold’s third question is: “Dr. Haseman’s formula is, we learn, 
equally applicable to proved but undeveloped properties. In this case how may one 
evaluate the quantity Po, representing the quantity of active oil under a given tract? 


W. P. Haseman.—The quantity Po cannot be evaluated with numerical precision. 
In the practical application of the formula, since the expense of drilling one well is 
large, a considerable variation in the observed data may exist without seriously affect- 
ing the economics of the formula. The method of evaluating Po rests upon a theory 
of decline of well production. 

In applying the formula to a practical case the acre and not the well is the basis 
upon which net profit is to be computed. 


J. B. Umptepy,* Oklahoma City, Okla.—If you had the cost, and development 
cost is a big item, what effect would the yield of the wells have on the lifting cost? 
A 25 per cent. difference will make a big difference in the net profit. Are you figur- 
ing on the net profit? 


W. P. Haseman.—I am figuring on the net profit per acre. The lifting cost has 
been considered in the net price per barrel of oil. The effect of this on the net profit 
per acre can be seen in the case of the curves of chart 3. The maximum net profit per 
acre shifts toward a wider spacing of wells with increased lifting costs, other factors 
remaining constant. ’ 


Memper.—You should consider the percentage per barrel of net production if 
you are to have less cost per acre. 


W. P. Haseman.—The net profit is figured on the basis of the acre and not on the 
well. The well cost is considered as an added investment in equipping the acre to 
yield oil. The oil is contained beneath the acre and not in the well. Whenever a 
given tract is proved with reasonable security to be commercially productive of oil 
there exists a considerable investment per acre in the tract and the maximum profit per 
acre of the tract can be secured by the added investment in the wells properly spaced. 


* Geologist and Petroleum Engineer, 


yd Re Suman, * Houston, Texas —This peta 
problem to the petroleum engineer today and the y n 
about. When we do learn something about it, we will be in position (0 l 

operated property. ; a 

In the development of a unit proposition, we have sotuablindss to depend in th e- 
place of well spacing. We should give attention to the maintenance of pre unt 
we learn something more about well spacing. Until then we cannot tell wheth ; 
are developing economically. We could well go to repressuring and forget w 
spacing. It seems to me to be ridiculous to drill the number of wells mentioned 
the formula of Dr. Haseman for securing the maximum profit. : 

I would like to say a few words in behalf of the oil executives. Mr. McGraw of 
the Gypsy company has said that in the Seminole, if only one well had been drilled to 
each 20 acres, the profits would have been much higher. I do not know how Dr. 
Haseman arrived at the value of lambda, but Mr. McGraw arrived at this opinion by — 
experience, and the spending of some $50,000,000 in this area, and I think the opinion ~ 
of a man of experience is well worth consideration on one side at the same time you ~ 
are considering a theortical proposition on the other side. 

As I understand the asa it applies principally toa structure where there is 
no water drive and no gas. I should imagine that 90 per cent. of the fields in the — 
United States have the water drive and free gas, and therefore there must be a factor 
in well spacing to take these items into consideration. We have a number of struc- 
tures where water drive is so high that we feel there should be 80 or 90 per cent. 
recovery. This also must be considered in arriving at the formula. 

Too much weight can be given to such a table. In the hands of an unscrupulous 
engineer or royalty owner this table would cause any amount of litigation in this 
area. The royalty owner is concerned only with the number of barrels of oil produced 
per acre, and every operator has an obligation to the royalty owner to get the maximum 
economic recovery, and another obligation at law to get the maximum barrels per acre, 
and until you have more data and more knowledge of how these formulas are arrived 
at, it would be well not to give them too much prominence. 


M. G. Cueney,ft Coleman, Texas.—Do I understand, Dr. Haseman, that your 
calculations were based on the old Bartlesville field? 


W. P. Haseman.—The only data that I have to support my formula are from 
publications of the U. 8. Bureau of Mines. 


M. G. Cumnny.—The old Bartlesville fields which furnished these data were 
mostly produced with unrestricted open flow and wastage of gas under usual conditions 
of competitive drilling. No doubt individual wells widely spaced and favorably 
located in respect to oil, gas and water occurrence, with flow restricted by tapered 
tubing or otherwise to give a low oil-gas ratio would give entirely different results 
from average wells produced under the wasteful conditions which are the basis of , 
Dr. Haseman’s calculations. For example, I know one well in the Strawn sand, that 
6 years ago came in for 600 bbl. This well was “pinched in” during its early life, has 
continued to flow and is still producing about one-third of its initial production with a ~ 
total production to date of nearly 1,000,000 bbl. of oil, an amount to be expected from 
10 to 20 wells under usual spacing. I wonder if the well-spacing data derived from 
antiquated methods of producing oil can be considered applicable to pools developed 
under the better methods of well management. 


* Director and Executive, Production Department, Humble Oil and Refining Co. 
{ President, Anzac Oil Corpn. 
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tion. The existing field data should in general support the calculations 
— ee 1 (Nail. Petr. Ni ews). The formula is equally applicable to pools 


ge G. Cuenry.—The well referred to above produced as much alone as could be 
xpected from 100 acres or more of Strawn sand, hence why drill 10 or 20 wells? 


W. P. Haseman.—That is an exceptional case. 


_ M.G, Cuenery.—lt is an exceptional case in well made mean There have been 
other cases where single wells producing without interference have yielded exceedingly 
large volumes of oil. Should we not 
investigate the possibilities of this 
profitable method of wide spacing and 
proper conservation of gas? Unit oper- 
_ ation brings opportunity for testing such 

methods; 7. e., spacing wells far apart, 

shutting in wells with excess gas, main- 

taining high pressures by repressuring 
and so forth. 


24 


W. P. Haseman.—The spacing of 

____ wells is a problem of commercial pools 

only. A one-well pool is the exception 
and has no spacing problem. 


R. D. Coriey, * Los Angeles, Calif.— 
Well spacing is one of the serious prob- 

; lems of the Los Angeles Basin. This is 
not due to the fact that we do not 
. understand the fundamentals of eco- 

nomic spacing, but because all of the 
oa recent fields have had their “town-lot 
areas”? or portions which have been Fic. 1. 
p previously subdivided for residential 
g purposes. This permits the entree of many unscrupulous operators. One or more 
j wells are drilled on lots of 50 by 150 ft. Naturally a large portion of the wells spaced 
so closely cannot hope to pay out, as the cost of drilling varies from about $60,000, in 
Torrance, to $175,000 in Santa Fe Springs. Under such conditions there is no incen- 
= tive for operators to give adequate protection to sands other than those they expect 

2 to produce. Their only object is to reach the pay first and get the oil before their 
: neighbors do. 

4 There are many examples of the evils of town-lot drilling. Any one interested 
f need only investigate the Lomita Area in the Torrance field, the town-lot areas in 
q both the new and the old field at Huntington Beach, Alamitos Heights of the Seal 
4 Beach field, Los Cerritos area of Long Beach, or Hell’s Half Acre at Santa Fe Springs, 
: and compare these with the more orderly developed fields of Dominguez Hills, Ingle- 
; wood or the easterly dome of Seal Beach field. 

4 


R. M. Carr,} Tulsa, Okla.—We have had occasion to observe a particular lease 
in the Seminole area. Some of the figures on it are very interesting. Let Fig. 1 


* Production Department, Southern District, Standard Oil Co. of California. 
+ Petroleum Engineer, Sinclair Oil & Gas Co. 
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represent an 80-acre lease lying east and west. Due to a p 
royalty interests it was necessary to drill six wells on what would 
west 40 acres, while the east 40 acres were drilled with the normal 10-acre spa 
want to draw a few comparisons between the recovery per acre of the six~ ell 
piece, the four-well 40-acre and also the offset 160-acre lease to the north. Wd : 

The 160-acre lease was drilled with a normal 10-acre spacing except ctieore ie 2 
south line, where the owners naturally offset with five wells. Thus the lease mer aor 
17 wells. 

The recovery per acre as of Aug. 1, 1929 on the six-well 40-acre was 57. 500 bbl., on s 
the 17-well 160-acre it was 45,750 bbl., while on the four-well 40-acre it was 41,000 bbl. 
even. The recovery per acre on the famewell 40 acres is very much in line with other 
offset leases drilled with 10-acre spacing. Probably a part of the higher per acre 
yield on the 17-well 160-acre piece is due to the additional well, although it may admit 
of some argument. 

For comparison, without using lamba or anything but ordinary eighth grade 
arithmetic, I will attempt to prove that the 624-acre spacing has been an advantage 
by producing more oil. Let us assume that the six-well 40-acre had been drilled with 
only four wells and that it was as productive as the 160 acres to the north, thus we 
could expect to produce only 45,750 bbl. per acre. The difference between the actual 
yield of 57,500 bbl. and the expected yield of 45,750 bbl. is 11,750 bbl. per acre. 
Multiplying by 40, we have a total difference of 470,00 bbl. If this additional 470,000 
bbl. of oil has been recovered by reason of the two extra wells, let us carry the demon- 
stration a little further and see what the additional recovery has amounted to in dollars. 
Deducting a one-eighth royalty of 58,750 bbl., we leave the producing company a net 
production of 411,250 bbl. from the two extra wells. The cost of the two wells was 
approximately $150,000. At $1 per barrel, net, for the oil, we have $411,250 minus 
$150,000 or $261,250 additional net return from the two wells. 

Now, the six-well 40 acres could be compared to the four-well 40 with a greater 
difference in the figures. The west 27 acres of this 80-acre lease had four wells on it 
and the recovery of this 27 acres has been practically 70,000 bbl. per acre, notwith- 
standing the fact that one of the wells was greatly delayed in drilling. A comparison 
of these four wells with an average 40 acres of four wells having a recovery around 
35,000 to 40,000 bbl. per acre is hardly justified, since it is too much like comparing 
individual wells. 

I have not been advocating wider spacing and would take exception to the state- 
ment that one well to 20 acres will make more profit. One well to every 8 acres would 
have been an ideal spacing for the Seminole district. The best lease I know of in the 
Seminole field has a recovery of approximately 50,000 bbl. per acre, which is slightly 
higher than the per acres yield of this entire 80 acres we have been considering, but 
since the two leases are widely separated I doubt if a comparison should be made. 


‘ 
: 


W. P. Haspman.—There is no doubt in my mind but that a closer spacing of wells 
in most of the commercial oil pools in this country would have yielded a greater 
profit per acre. There will be a quicker return of the well investment with closer 
spacing. For example, in the instance of the yield of 342,000 bbl. per well from the 
Bowlegs lease with the 10-acre spacing, there will be around 205,000 bbl. received 
within the first 100 days. With a spacing of 2% acres per well there will be a yield 
of 184,000 bbl. per well with around 110,000 bbl. received within 110 days. 


M. G. Curnry.—There must be other factors than well spacing involved 
to explain difference in yields. There is an extra 4500 bbl. per acre or a total 
of 720,000 bbl. on the 160-acre tract compared to the 40 acres southeast of it. The 
one extra well on the 160 acres can hardly account for the extra 720,000 bbl., hence 
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F 4, we must be dealing with some factors other than well spacing. As to extra yield due 


to six wells on the 40 acres, this case might be held to prove merely that if one operator 
completes six outlets to a high-pressure oil reservoir while practically all his neighbors 
complete only four, for his additional 50 per cent. drilling he will recover an additional 
23 to 30 per cent. per acre. This seems to offer scant evidence that had this pool 


been drilled up with six wells to each 40 acres average yields would have been appreci- 


ably greater than under the customary plan of four wells per 40 acres. 


R. M. Carr.—I believe I said something about the 17 wells on the 160 acres, 
leaving an opportunity for discussion. Even if it is not logical to attribute the addi- 
tional production to the extra well, I would have chosen that 160-acre lease, because 
it shows the highest yield per acre outside this exceptional 40 acres I was demonstrat- 
ing. I could have taken some other lease with a lower yield per acre and shown a 
greater proportionate net recovery from closer spacing. 


M. G. Curenery.—TIf all surrounding 40’s had the wells drilled at the same time and 
spacing, how much would have been gained per acre? 


R. M. Carr.—They would undoubtedly have obtained more oil due to closer 
spacing. Practically a year elapsed before the sixth well was completed. Only four 
wells were producing during the flush stage, for the fifth well was delayed for some 
time. The sixth well has recovered only 94,000 bbl., yet this particular 40 acres is 
far above the average in total recovery. 


W. V. Viertt,* Big Spring, Texas.—I have made a few calculations on the basis of 
Dr. Haseman’s paper with particular reference to the figures he presents on the 
Bowlegs pool showing increased recovery and the increased returns expected per acre. 
These figures were analyzed from the point of view of making each additional well 
(drilled over the one well to 10 acre-tract) pay for itself. 

Let us first consider the figures for 50 c. net oil—that is, the operator makes a gross 
of 50 c. on each barrel after deducting lifting costs, royalty, etc. One well to 10 acres 
will produce 342,000 bbl., or a return of $171,000 on a $100,000 well. This is, then, 
a profit of 71 per cent. Drilling two wells to the 10 acres or one well to 5 acres will 
increase the investment by $100,000; will increase the recovery by 205,200 bbl., and 
the gross return will be increased by $102,600. This, then, is a profit of $2,600 on the 
additional $100,000 invested, or a return of 2.6 per cent. Drilling one well to each 
214 acres will result, similarly, in a loss of $153,800 on the additional $300,000 invested 
for three additional wells on the 10 acres. 

_A different set of returns is obtained if the return will be $1 net for each barrel of 
oil. In this case, one well to 10 acres will produce a profit of $342,000; two wells to © 
10 acres will yield a profit of $105,200 on the additional well; but the 214 acre spacing, 
or four wells to the 10 acres, will cause a loss of $7600 per additional well drilled. 

We have worked out several well-spacing problems to determine proper spacing 
in new fields but always with the attitude of making a fair return on the additional 
investment necessary to space the wells closer than the one well to 10 acres. 


* Petroleum Engineer, Continental Oil Co. 


Spacing of Wells in the Long Beach Field 


By Dwiaut C. RoBerts AND STENDER SWEENEY,* Los ANGELES, CALIF. 


(Tulsa Meeting, October, 1929) 


THE spacing of wells in Long Beach oil field has caused much dis- 
cussion from the earliest days of its development, on account of the 
closely drilled town-lot areas which have been as intensively developed 
as any productive areas in the world. The purpose of this paper is to 
present the results obtained from this type of development in comparison 
with the more widely spaced development in this field, now that a suf- 
ficient length of productive life has elapsed. The intensity of develop- 
ment in Long Beach is indicated by the fact that up to Sept. 1, 1929, there 
were 1736 wells either drilled or drilling. Of these 165 failed to get 
production and 121 were drilling. Thus 1450 wells have produced oil 
from an area of 1350 acres. Up to July 1, 1929, these wells produced a 
total of 355,047,913 barrels. 


Merruop Pursurep 


Four groups of offset areas were chosen, in each group the wells 
in one area are widely spaced and in the other, closely spaced. The 
areas in each group are contiguous and the groups are spread over the 
field from the southeast end to the northwest, so that representative data 
are assured. The comparison has also been extended to shallow and 
deep zones, like zones in their respective areas being compared. 

Even though these productive zones are very thick, a fair picture of 

results is obtained, because the drilling of the wells in the two types of 
areas was concurrent in the different groups and, as a rule, the thickness of 
sand opened up at any one time was about the same, As deeper sands 
were found, wells in offset areas were deepened or new ones were drilled 
in both types of areas. The division of zones was made in the same man- 
ner in contiguous areas. 

The total cumulative production up to July 1, 1929, of the wells in 
their respective zones in each area was obtained. From these figures 
were computed the recovery per well, recovery per acre, acreage per 
well, and the ratios of these factors. Thus July 1, 1929, is the end of 
the period considered in all areas. 


* Superior Oil Corpn. 
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ele Data on AREAS 
Deedes Yat Areas A and A'—Shallow Zone 


These acres consist of 70 acres each, one of which has been drilled on a 

widely spaced program and the other very closely. These wells have 
_ been producing about 6 years. 
In area A the average acreage per well is 2.92 while in A’ it is 0.71. 
_ Thus it is apparent that the recovery per well has been greater in the 
E: - more widely spaced area while the recovery per acre, and consequently 
4 the total recovery, has been greater in the closely drilled area. The 
‘proportions between these factors have been computed as shown 
in Table 1. ; 
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TasBLeE 1.—Data on Areas 
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« Shallow zone. 
b Deep zone. 


_ - This shows that four times as many wells have been drilled in A’ asin A. 
The recovery per acre has been more than twice as great in the closely 
drilled area while the recovery per well has been slightly more than half 


as much. 


Areas B and B'—Deep Zone 


These consist of 20 acres each, which have been developed during the 
past year and a half. B is the wider spacing and B’ is the 
 town-lot spacing. In area B the average acreage per well is 3.33, while 
4 in B’ it is 0.83. Thus there have been four times as many wells drilled 
in B’ asin B. Up to the present time the wells in each area show an 
average recovery per well of about the same amount. 

Four times as many deep-zone wells here have produced practically 
four times the amount of oil, but it must be borne in mind that the elapsed 
life of this production has been short and nearly all the wells are still 


in the flowing stage. 
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These two areas also consist of 20 acres each, dace 
Production has been obtained from this zone in these areas fc 
_ Tyears. Nearly all the development took place during their e: ear 
In area C the average acreage per well is 3. 33. The prod 


of two offset areas which are well along in the pumping stage on § a 
positions structurally, but developed on a radically different drilling 
program. Thus, somewhat less than four times as many wells have _ 
obtained about one-quarter more oil. However, the recovery per well : 
has been three times as great on wider spacing with the attendant greater 


return per dollar invested. 


Areas C and C’—Deep Zones — _ 


These are the same areas discussed in the preceding paragraphs, 
but attention is directed toward the results of deep-zone drilling, which 
started a little less than two years ago and continued concurrently in 
both areas. In area C the average acreage per well is 2.5 while in C’ 
it is 1. 

Even though these wells are in the earlier stage of their lives many 
have been on the pump or compressor for some time. Neither of these 
gives promise of reaching the production obtained from shallow zone bie 
in these same areas. 

The wells drilled for the deep zone in the C area were more eae 
spaced than wells drilled for the shallow zone in the same area. At this 
period of their lives the deep wells show a greater proportionate recovery 
per acre than they do per well as compared to the shallow zone wells of 
this same area. 


Areas D and D'—Deep Zone 


These areas comprise 15 acres each, on which only deep zone produc- 
tion is compared here. The productive life considered has been about 
one year. ‘The average acreage per well in D is 3.0 and in D’ it is 0.88. 
Development in this area is more recent and consequently the productive 4 
life to date, shorter than in any other comparison which has been made. 

These wells are practically all still flowing. They show over three 
times the production per acre from D’ as from D up to the date con- 
sidered. The recovery per acre of D’ surpasses that of D, so that it is 
certain that with the present wells, D will not reach the closely drilled. 
area in this respect. 


CoNCLUSION 


Taking into account the size and shape of the areas chosen, their 
similarity geologically within each group, and their location in widely 
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separated parts of the field, it is felt that the above are representative 


comparisons and therefore legitimate to use for a few general conclusions. 


In no case has the recovery per acre in widely spaced areas reached 
the recovery per acre in closely drilled areas. The difference between 
them is greatest during the early life and tends to decrease during the 
later years. This contention is further supported by the fact that wells 
in both types of development produce about the same amount per well 
during the flowing, or flush, stage which necessarily gives a greater 
acreage recovery during that period. B-B’ and D-D’ support this state- 
ment, whereas C-C’ recovery per well shows considerable favor for the 
wider spaced area in the zone at present. However, this fact may be 
explained by the performance of the wells which have not been flowing 
long, so that a fair portion of the oil recovered has been derived after 
that period. 

It is apparent that a greater yield of oil will be obtained from an area 
closely drilled than from a similar one with wide spacing. However, 
the economic return on the investment then becomes the governing 
factor to determine whether, under current market conditions, such addi- 
tional expenditure is justified. 

The conclusions in this paper are drawn from a study of a field of 


great thickness of highly productive oil sands. They should not be 


considered as applicable to a single, thin sand. 


DISCUSSION 


VY. H. WirHEim,* Los Angeles, Calif—I regret that we have not gone into the 
differences of sedimentation. On the south side of the field, at the town-lot area, 
there is a great thickness of sand, and more ideal conditions than on top of the structure. 
Anyone who is familiar with the field can readily see that the field adapts itself to 
misinterpretation. It is rather unfortunate that those conclusions have been drawn 
without analyzing the differences in underground conditions in the field. The town- 
lot area on the south side is one of the most prolific areas in the Los Angeles basin, but 
its prolific nature is due mainly to underground conditions, not to being closely 
drilled. The paper will be wonderful propaganda for very close-spaced drilling. 


S. C. Hproxp,} Los Angeles, Calif.—The paper shows clearly the fact that the 
Long Beach operator who gets there first, puts down the greatest number of holes, and 
produces the wells at the fastest rate, gets the greater quantity of oil from the reser- 
voir. Every barrel of oil he produces means one less barrel for the other operators in 
the same zone; it is as if all were drawing from one great tank. While this situation 
holds for Long Beach and other fields which are in volumetric control, it does not 
hold in fields of capillary control. In the latter each well has its own drainage area 
independent of all other wells, regardless of the fact that production may all come 


from the same zone. 


* Chief Petroleum Engineer, The Texas Co. 
+ Petroleum Geologist. 
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Tuis paper is written primarily as a discussion of Dr. W. P. Hi 
man’s paper on “A Theory of Well Spacing”! and presents briefly 1 
production records, and intensity and rate of development in a _ 
portion of the two principal producing sands in the Salt Creek field, 
Wyoming. The study includes 1350 wells, 160,000,000 bbl. production, 
well spacings varying from two to seven wells per 40-acres and early” 
and late development. rented 

The general conclusions to be derived from this study are: 

1. It is impossible to formulate a mathematical rule to apply to well © ‘ 
spacing in the Salt Creek field. >. 

2. Each tract is a separate problem. 

3. Tracts first drilled produce the most oil, with many exceptions. 

4. Initial production is not a reliable index to the relationship between 
past, current, or future production. 

5. Wells which have produced the most oil in the past are not neces- 
sarily yielding the greatest current production nor will they yield the 
greatest future production. In fact, wells which have yielded the greatest. 
past production will, in at least one-half the cases, make less oil currently 
or in the future than wells which have produced a smaller quantity of 
oil in the past. 

| 6. The following is a safe rule to apply in well spacing in the Salt 
Creek field: (a) If the drilling of an additional well on a tract results in 
a sustained increased production, with prospects of making a profit, the 
tract is not overdeveloped and additional wells might be drilled. (6) 
If the drilling of an additional well does not effect a sustained increase 
in the production of a tract, the tract is fully developed. 


(Tulsa Meeting, October, 1929) 
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Seconp WALL CREEK Sanp 


The Second Wall Creek sand, covering 20,000 producing acres, is : 
the principal producing horizon in the Salt Creek field; 1610 wells are 
producing at this time from this sand, This paper deals with but a 2 
portion of the entire field including 10,680 of the more productive acres, | 


* Petroleum Engineer, Midwest Refining Co. 
1 See p. 146. 
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1061 wells and 125,000,000 bbl. of oil. Gas is almost the sole expulsive 


agent as there is no encroaching water. 


The Second Wall Creek sand was first discovered in 1917. It was 
gradually developed until 1921 when 100 wells had been drilled with a 
potential production greater than pipe line capacity. Curtailment of 
production by mutual agreement of the operating companies was practiced 
from March, 1921, to December, 1923, at which later date the peak 
production of the field was reached and sufficient pipe line capacity had 
been provided to handle the potential production of the field. During 
the prorate period 350 wells had been completed. Intensive drilling 


was carried on in 1924, 1925, and 1926, during which time the total wells 


completed reached 1,606. Since 1926 a negligible number of wells have 
been completed to this sand. 

In 1926, four wells were employed as key wells for repressuring. 
Each year additional wells have been added until at the present time 
55 wells are used as input wells and are taking an average of 30,000,000 
cu. ft. of gas per day. The gas drive has been most effective on the flanks 
of the structure. The natural gas-oil ratio has been too high on the crest 
of the structure to carry on a gas drive successfully. There are no key 
wells at the crest at this time. 

The production from this horizon has been characterized by individual 
well performance. Some wells have produced in excess of 5,000,000 bbl. 
up to the first of this year, others have produced scarcely enough to pay 
for the drilling cost. 

Production by Tracts 


Table 1 shows the averages of the production of tracts grouped in 
accordance with the first year of development. Only tracts on the 
flank of the structure are included in order to give a fair comparison. 


TABLE 1 
a 
: Average Initial Past Production | C A Predicts 
Fo raloprient ines Pree BRE | Pena To28 Bb. per Well, 1928, Bbl. 
1918 194 511 212,186 9,239 
1919 ; 30 324 104,549 1,979 
1920 52 347 116,121 5,179 
1921 242 377 108,597 9,291 
1922 282 365 94,080 8,339 


Table 1 is a general average and obscures many of the variations 
revealed by a closer study of the individual tracts involved. The 
figures indicate no definite relationship between initial production and 
past production or between initial and current production, or further 
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between past production and current produc 
that tracts which were drilled first produced 1 
- of 1929. att twee 18 


except that the element of well spacing has been added. 
tracts showing equal development have been considered. Each ul 
section included has been developed on the basis of 15 to 17 wells | ie 
160 acres. There has been some variation in time of development. 
Two hundred fifty wells on 22 quarter sections are involved. The. = 
tracts are again grouped by years in accordance with the date of their 


first development. eS 


TABLE 2 
s A Initial Past Producti . 
Betigpment | Wala | Fredution per | nor Wall a foam. | Por Well, 1028, Bb 
1918 110 625 263,172 9,098 
1919 30 324 104,549 1,979 | 
1920 52 347 116,121 5,179 
1921 82 401 110,381 7,179 
1922 76 352 91,434 8,350 


Tracts First Drilled Produced Most Oil to Date 


These figures indicate that there is very little, if any, relationship 
between intensity of development, initial production, total production to 
date, or production during 1928. In fact, in tracts first drilled in 1922, 
the last year on this table, the current production is 1200 bbl. per year 
greater than tracts first developed in 1921, or 2200 bbl. per year greater 
than tracts first developed in 1920, or 6000 bbl. per year greater than 
tracts first developed in 1919. There is one point evident, however. 
Tracts which were drilled first have produced the most oil to date, by far. 
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TABLE 3 
Past Production per Well Current Production per 
es Saree up to Jan. 1, 1929, Bbl. Diterwecs, Well, 1928, Bbl. Uyiercuee 
Development Per Cent. |————_—__———_ | Per Cent. 
High Low High Low 
1918 290,000 63,000 78.3 17,200 3,500 79.6 
1919 114,000 94,000 17.5 2,100 1,800 ' 14.3 
1920 193;000 114,000 40.9 6,500 4,900 24.6 
1921 149,000 48,000 67.8 15,100 2,800 Si<D 
1922 159,000 60,000 62.3 14,900 4,700 68.5 
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The results of the gas drive have increased the production in areas 


where key wells are located but the average increase approximates only 


10 per cent. and is not sufficient to make up the wide difference shown in 
the above figures. The effect of gas drive is compensating to a certain 
degree in that all but one of the tracts involved are enjoying effect of gas 
drive. The variation in production of the tracts making up these 
averages is very appreciable (Table 3). 


Effect of Gas Drive on Production 


There is too much variation in the figures in Table 3 to submit to an 
effective well-spacing formula. Each tract is a distinct problem and no 
other tract can be used as a criterion, let alone using any other field as a 
basis for computation of well spacing. This is better understood by a 
few representative comparisons. The figures for adjoining quarter 
sections are shown in Table 4. They are located identically from a 
structural standpoint and neither has ever been affected by gas drive. 


TABLE 4 
a ne 


Tract 


Average Years 


Number of Wells 


Average Initial 
Production per 


Production per 
Well up to Jan. 


Current Pro- 
duction per Well 
1928, Bbl 


of Life per Well ell, 1, 1929, Bbl. 
| 3.96 16 169 41,705 3,414 
A125 16 174 70,332 2,329 


It will be noted that average life of wells, number of wells, and 
initials are closely similar and yet the past production per well has been 
vastly different, one tract having produced only 60 per cent. of the pro- 
duction of the other. Further, the tract which produced the greater quan- 
tity of oil up to Jan. 1, 1929, is producing currently only 68 per cent. of 
the current production of the tract which produced the smallest quantity 
of oil in the past. It is impossible to calculate mathematically a well- 
spacing formula which would apply to both tracts. 

Another case, three adjoining quarter sections similarly located and 
all of which have been affected by gas drive, is shown in Table 5. 


TABLE 5 
tin ei an ERE SIe 


Average Years Average Initial Production per Current igi 
Tract of Life per Well Number of Wells ae al eee ik it apa te fae ell, 

1 4.04 16 | 447 96,462 3,121 

2 4.26 17 491 149,707 15,139 

3 4.02 16 499 132,778 11,207 
SSS 


Again the average age of are 5 neha 
- initial production are very similar and yet: iideheess a tre 
in the past and current production in these tracts. It sl 
in this case, however, that the tract with the smallest past and 
production has been affected least by gas drive. The effect of gas P 
however, is but a small percentage of the difference shown in the figures in n 
Table 5. This is another case of well spacing which it is impossible oto 
interpret mathematically prior to complete development. a 

In another case we have two quarter sections similarly located with ¢ 
like effect from gas drive. (Table 6.) Here, too, interpretation is 
impossible before complete development. The average life of the Lae 
and development are almost the same. The initial production of the 
tracts vary and the one with the largest initial has produced andis produc- 
ing but a small fraction of the amount of oil from the tract with the 
smaller average initial production. Such cases could be extended 
indefinitely. 


TABLE 6 
ike Y Average Initial | Production per Current Pro- 
Tract of Life p a Well Number of Wells Production per ye tm =o gustan. Pa 
1 4.97 25 | . 8648 | 150,362 | 9,881 
2 SOL 24 310 | 929,984 46,789 
First WALL CREEK SAND i 


The First Wall Creek sand, discovered in 1908, covered originally ‘ 
4350 acres. Water encroachment has since reduced it to 3320 acres. 
This sand averages 120 ft. in thickness in the productive area and lies 
900 ft. deep at the crest of the structure. This paper considers 3976 ‘ 
acres of the original area in which 293 wells have been drilled. These 
wells produced 36,000,000 bbl. of oil up to Jan. 1, 1929. Gas is the 
principal expulsive agent but a natural water drive also has been effective. 

The sand is exceedingly erratic in character as may be shown in the 
following examples: 

One well, drilled to a point near the bottom of the First Wall Creek 
sand, developed a crooked hole. No oil was encountered. The hole was 
filled back to the top of the sand and redrilled. The redrilled hole flowed 
an initial of 127 bbl. of oil per day. 

One quarter section had been drilled with 14 wells in this horizon 
and had produced over 2,000,000 bbl. at the time when a well with a 
deeper sand as an objective encountered in this sand 2300 bbl. of flowing 
production. This is one of the largest wells drilled into this horizon and 
was completed 14 years after this quarter section had been first developed. 
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- 3 Fifteen years after the First Wall Creek sand was first developed a 


drilling campaign was started to deeper horizons. Many of the proposed 


wells formed twin locations to old First Wall Creek wells. Eight of these 


‘proposed deeper twin wells found oil in the First Wall Creek sand and 


were stopped to produce. The old First Sand wells at these twin loca- 
tions averaged 43 bbl. at the time of the completion of the new wells. 
The initial production of the new wells averaged 206 bbl. or 163 bbl. 
greater than the average of the old wells which for years had supposedly 
drained the sand in their immediate area. 

The first well on one quarter section was drilled in 1912 and has 


_ produced continuously ever since. This well’s first peak year was in 1914 


when it produced 82,891 bbl. Its second peak year was 11 years later in 
1925 when it made 150,000 bbl. The following year (1926) it made 
81,000 bbl. or as much as its flush peak year. Shooting was responsible 
for this later production. This quarter section in 1925 had seven wells 
drilled which were from 3 to 10 years old when the well referred to was 
shot. It is interesting to note that this quarter section reached its peak 
year in 1925, 13 years after the completion of its first well. 

It would appear that drilling should continue in such a sand where 


there seem to be so many hidden reservoirs of oil undrained by existing 


wells. Careful analysis shows that the number of failures in prospecting 
for these prolific areas would offset the successful wells if this were the 
only producing sand. This difficulty has been overcome automatically 
by a drilling program to the deeper horizons. Wells encountering good 
production in the First sand are produced there. 

In Table 7 are shown the averages of all quarter sections involved 
in this study. They are grouped according to the year of first develop- 
ment. In other words, the quarter sections developed first in 1908 are in 
one group, those first developed in 1910 in the next group, ete. 


TABLE 7 


Average Initial Total Past Produc- fe} f PeadiGeion 
Number of Wells Production per tion per Well to urrel S 
- : Well, Bbl. Jan, 1, 1929, Bhi. | Pet Well, 1928, Bbl. 


——————————————  0€Cw€C0C leo ee 


Year of First 
Development 


1908 16 400 212,406 4,070 
1910 38 241 163,766 3,428 
1911 42 300 216,253 3,890 
1912 157 247 87,000 5,157 
1913 27 201 45,621 4,860 
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Table 7 indicates no relationship between initial production and 
production per well up to Jan. 1, 1929, nor does it show any relation- 
ship between initial production and current production. In fact, the 
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quarter sections having the eee average initial production | 

to the highest current production per well, although the aver 
production is but one-fifth of the greatest ingens es rodu 
per well. wis 


DISCUSSION. 


H. H. Powrrs,* Tulsa, Okla.—Mr. Wood, in the Salt Creek field what i in your 
opinion is the chief propulsive agent? 


F. E. Woop.—In the First Wall Creek sand the propulsive agent is primarily — 
gas although encroaching water is responsible for a portion of the oil produced. 
In the Second Wall Creek sand it is entirely gas. The productive area is surrounded 
by water, but water has not encroached. 


J. W. STEELE, Casper, Wyo.—The data we have so far indicate that repressuring 
has been felt in the Salt Creek field over distances as far as 3000 ft. from the key 
wells, so that there are certain leases in the Salt Creek field where closer spacing than 
five wells to 40 acres is not necessary. 


W. P. Haseman,{ Oklahoma City, Okla——The paper presented by Mr. Wood 
gives data which represent the initial and final conditions of producing properties. 
The data are largely unrelated facts and as such can not be used to verify or condemn 
any spacing formula. Since the data show a wide range in the yield of oil from the 
various properties it would be instructive to use one or more spacing formulas and 
compute the net profit per acre for various spacing of wells on those properties which 
gave the smaller acreage yield. Such a computation will probably give the maximum 
net profit per acre with a relatively elose spacing. 


8. GRINSFELDER, § Abilene, Texas.—It occurred to me that prior to the presentation 
of Mr. Wood’s paper, the spacing of wells in the Salt Creek field would surely lend 4 
itself to some formula or system of spacing. This is suggested to anyone who is at 
all familiar with the uniformity of the characteristics of the producing sands in this 
field, but mainly the Second Wall Creek sand which has been the most prolific produc- 
ing horizon. 

In this case we have a field whose structure is a closed anticlinal fold embracing 
approximately 20,000 acres within the closure. The production in the Second Wall 
Creek sand covers the total amount of this acreage. A field having one producing 
sand member covering such a large area, suggests that more or less uniform conditions 
of development would exist and that the problem of well spacing would lend itself to 
some system. 

The figures Mr. Wood has given are to the contrary and it is wondered if additional 
investigation of the data would not throw further light on the subject and even though 
one system would not apply to the whole field, certain areas of it would permit the 
application of a formula to the spacing of wells. 


W. P. Haspman.—I would like to know whether there are any repressuring 
operations being carried on with a spacing of wells as wide as 10 acres per well that 


* Petroleum Engineer, Production Department, Gypsy Oil Co. 
{ Supervisor Rocky Mountain District, U. S. Geological Survey. 
t Consulting Engineer. 


§ Assistant to Rocky Mountain Manager in Charge of Texas, Union Oil Co. 
of California. 
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By C. S. Corsert,* New Se? N. y 
(New York Meeting, February, 1930) 


large tracts of land must decide upon a ae plan for the wells t 
drilled upon their respective tracts. Usually it is desirable to have a 
system of regular spacing laid out over the entire tract, making such 
adjustments as may be necessary near land boundaries. 


Unless the dip of the producing formation is very steep, the equilateral b 
triangular arrangement is the one most generally preferred, for the very 
good reason that it gives the maximum amount of drainage area for the fi 


wells up to the limit at which mutual drainage interference begins. 
Assuming that the equilateral triangular pattern is to be used, there 
still remains to be decided the matter of distance between wells. Many 
variable factors enter into the problem of proper spacing, some of which 
are physical and some economic. It is not the purpose of this paper to 


discuss these factors, as that has been done in several comprehensive — 


articles during the past few years. In the end the decision must be 
based upon an estimate of the relative importance of various factors 
which apply to the field in question and to economic conditions in the 


oil industry at the time the development is getting under way. Even if | 


the best possible spacing distance should be chosen when the prob- 
lem arises, changing economic conditions and variation in physical 
conditions in different parts of the field may cause the original choice to 
become more or less unsatisfactory. 


Obviously, it is advantageous, once a spacing plan has been adopted, 


to avoid alteration of it as the field becomes better known or as conditions 
in the industry change, and yet be able to vary somewhat the acreage per 
well in extending the area of development. Or, it may be desired to 
provide for an ultimate spacing considerably closer than conditions seem 
to warrant early in the development of the field. With these con- 
tingencies in mind, it is of interest to examine the possibilities which the 
equilateral triangular system affords. 


ORIENTATION OF COORDINATE SYSTEM 


In this system the well locations may be considered as the inersectionst 
of three sets of coordinate lines, the lines of each set intersecting those 
of the other two sets at 60°. For convenience in placing such a system 
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ona well location map, one of the three sets of fines may be dropped. 


The remaining two sets form a 60° coordinate system entirely adequate 
for laying out and designating the well locations. In fact the equilateral 
triangular system could just as suitably be designated the ‘60° coordinate 
system.”’ In such a system the areas bounded by the coordinate lines 
are diamond-shaped and each diamond is, in fact, the equivalent of 
two contiguous equilateral triangles. If the shorter diagonal of one of 
these diamonds is taken as unity, the longer one equals \/3 or 1.732. The 
shorter diagonal is the spacing distance of the system, being equal in 


length to the sides of the diamonds. 


In placing such a coordinate network over an oil-producing structure 
it would seem advisable, unless the dips are in general quite steep, to 
orient it so that the shorter diagonals of the diamonds are parallel with 
the principal direction of strike. For example, in the case of an anticline 
or an elongate dome, the shorter diagonals should parallel the axis of 
the structure, thereby affording a spacing of wells closer along the strike 
than in the direction of dip over most of the structure, providing all of the 
locations are drilled. This is desired as movement of oil in the formation 
under the influence of gas or water drive is predominantly normal to 
the strike. 

Spacing Distance Ratios 


srr the ratio of distance in the oil-bearing horizon (‘‘formation 
distance’) to map distance in the direction of dip i increases as the 


TasBLe 1.—Ratio of Formation Distance between Wells 


Orientation phorherit’ tink nai 
— Angle of Dip, Deg. 
st esllel to Biri = ‘of Dip. / of Strike 
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Igonven diagonal mreieseiin co fois fen i) sinionio® 70 ey 
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* To indicate more fully what this ratio means, the first instance is outlined here 
in more detail. For the given orientation, the map distance between wells in the 
direction of dip is 1.732 times the map distance in the direction of strike. For a 30° 
dip, the ratio of formation distance to map distance in the direction of dip is 1.15 (from 
curve of Fig. 1). In the direction of strike this ratio is of course always 1. Multi- 
plying the two ratios (1.732 X 1.15), the result is 2, which therefore expresses the 
fact that, for the given orientation and a dip of 30°, the formation distance between 
wells in the direction of dip is two times the formation distance between wells in the 
direction of strike. 
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Ratio of formation distance to map distance in the direction of dip 


Angle of dip- 


Fic. 1—SEcANT CURVE SHOWING RATIO FORMATION DISTANCE/MAP DISTANCE IN 
DIRECTION OF DIP, FOR ANGLES OF DIP UP TO 79°. 


will [be (normal to rather than parallel to the principal direction of 
strike. In general, a spacing distance in the formation 24% to 3 times as 
far between wells in the direction of dip as in the direction of strike, 
corresponding respectively to dips of 46° and 55°, would seem to be about 
as high as this ratio should be carried. For the other orientation (shorter 
diagonals normal to the strike) it is only for dips as steep as 55° that the 
spacing distance in the formation would be as great between wells in the 
direction of dip as in the direction of strike. Consequently, if the dip 
throughout most of the field is steeper than 55°, the orientation of the 
well spacing coordinate system would probably best be made with the 
shorter diagonals of the diamonds normal to the principal direction of 
strike, assuming that eventually all the locations provided by the system 
will be drilled. 

If the dip is steeper than approximately 75°, it would probably 
be advisable to modify the coordinate system so as to bring the formation 
distance between wells in the direction of dip within about 214 times the 
distance in the direction of strike, since, under the orientation of the 
equilateral triangular system last mentioned the formation spacing in 
the direction of dip becomes 214 times the spacing in the direction of 
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strike when the angle of dip reaches 76.5.° This again is arbitrary. A 
small change in the angle of dip when that angle is more than 70° results 


in a relatively large change in the spacing ratio. This is brought out 


forcibly by a comparison of the figures in the last three lines of the above 


table. ; 

In connection with the matter of orientation of the equilateral 
triangular location system, it is interesting to note that only a 30° change 
in strike (or in orientation) is necessary to reverse the relationship 
between the well spacing (map distance) in the directions of strike and dip. 
This is obvious from the fact that the angles of an equilateral triangle are 
60° angles. However, it is not obvious to the eye when only two sets of 
coordinate lines are used unless they are so chosen that the two positions 
of orientation appear to be 90° apart. 


Various Mreruops oF SELECTING LocaTIons 


The remainder of the discussion deals mainly with the use of the 60° 
coordinate system as oriented for fields of gentle to moderate dips and 
the various ways of selecting locations for drilling when every site pro- 
vided for by the system is not to be drilled, at least not at the start. 

For illustration, we may assume that we have an oil-bearing anticline 
of gentle to moderate dips in which, on account of high grade oil, fine- 
grained sands, and shallow depth to the sands, with attendant low drilling 
costs, it will probably be found desirable to space the wells only 100 
meters apart over much or all of the productive area. A 60° coordinate 
system providing for well locations 100 meters apart in an equilateral tri- 
angular arrangement, is placed over the field, oriented so that the shorter 
diagonal of the diamond pattern is parallel to the axis of the anticline. 
If completely drilled there would be one well to 2.14 acres. 

There are ways of choosing locations on this coordinate system further 
apart than 100 meters, by which a regularity in spacing may be main- 
tained that should be productive of very satisfactory results even if a 
smaller number of locations is drilled than the total provided for by the 
coordinate system. The most obvious way is that of simply selecting 
alternate locations on alternate coordinate lines as shown in Fig. 2. In 
this case only one-fourth of all the locations would be drilled, the wells 
having an equilateral triangular spacing 200 meters apart. There would 
be one well to 8.56 acres. The spacing would be 346.4 meters (map 
distance) between wells in the general direction of dip and 200 meters in 
the direction of strike. 

One-third of all the locations could be drilled and an equilateral tri- 
angular arrangement of the wells maintained if the locations were selected 
as shown in Fig. 3. The wells would be drilled 173.2 meters apart. 
There would be one well to each 6.42 acres. The spacing would be 
173.2 meters (map distance) between wells in the general direction of 
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Fic. 4.—SmLECTION OF ONE-HALF OF WELL LOCATIONS OF A 60° COORDINATE GRID, 
WITH RECTANGULAR SPACING ARRANGEMENT. 


superimposed. 


Its only drawback is this orientation, whereby the wells 


would be spaced closer in the general direction of dip than in the direction 
of strike. If it appeared reasonably certain that, over most of the field, 
only one-third of all the locations of the 1 O0-rheter system would tis 
drilled, it would probably be advisable to change the orientation so that 
the shells drilled on the 173.2 meter spacing would be farther apart in the 
direction of the dip than in the direction of strike. 
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Should it be desired to drill one-half of all the locations, the method — 


of selection shown in Fig. 4 would doubtless be the best one. Here the 
wells would have a rectangular rather than an equilateral triangular 


arrangement and would be spaced 173.2 meters (map distance) in the - 
general direction of dip and 100 meters in the direction of strike. There 
would be one well to 4.28 acres. 

Thus, it is possible to drill one-third or one-fourth of the locations 
provided for by a given 60° coordinate system for well locations and yet 
maintain equilateral triangular spacing. Such an arrangement cannot 
be maintained in drilling one-half of the locations. If that is desired, 
the preferable manner of selection would seem to be the rectangular 
arrangement shown in Fig. 4, in which, for average dips of 55° or less, 
the greater distance between wells is in the direction of dip. For average 
dips greater than 55°, the same rectangular manner of selection may be 
followed but orientation of the coordinate system should be at right 
angles to the orientation used for gentler average dip. 


Input WELLS FOR REPRESSURING A DEPLETED FIELD 


Another feature of the equilateral triangular spacing arrangement is 
the advantage it affords in the selection of input wells for gas in repressur- 
ing a depleted field.! 

If every location provided for by the 60° coordinate system has been 
drilled, one-third of the wells can be chosen for the return of gas according 
to the method shown in Fig. 3. By analogy with the term “five-spot,”’ 
applied to wells used for gas input each of which serves four wells in a 
square arrangement, each input well in this case may then be termed a 
“seven-spot” well, since it serves six wells in a hexagonal arrangement, all 
six of which are equidistant from it. 

In the five-spot plan, one-half of all the wells are required for input 
of gas in contrast to only one-third of the wells being so required in the 
seven-spot plan. By the latter method each producing well is in turn 
served by three input wells equidistant from it, in contrast to four 
equidistant input wells in the five-spot arrangement. In this respect, 
there may seem to be some loss in effectiveness for the seven-spot input 
well as compared with the five-spot but such loss can hardly offset the 
gain resulting, in the seven-spot arrangement, from the maintenance of a 
larger percentage of the wells as producers. 


1 The writer has recently attempted to show that, in unit operation, reservoir 
pressure should be maintained by return of all excess gas through wells at the crest. 
(See p. 128.) In fields operated on a competitive basis this procedure is not feasible 
and it becomes necessary for each producer to conduct his repressuring operations 
more or less independently, cooperating perhaps with his neighbors along the bound- 


aries of his lease. 


Chapter III. Gas-oil Ratios 


Quantitative Effect of Gas-oil Ratios on Decline of Average: 
Rock Pressure | idist 


By Stewart Coreman,* H. D. Waene Jz.,{ AND THomas W. Moorg,t{ 
Houston, Texas 


(Tulsa Meeting, October, 1929) 


Ir is recognized that in the early days of the petroleum industry 
oil was produced with practically no scientific or fundamental knowledge 
of the laws and principles governing its extraction from the ground. 
Only a few, if any, of those exploiting the oil resources made any effort 
to collect accurate scientific information. There was little need for it, 
for as is frequently the case where the supply of a natural resource appears 
inexhaustible and is greater than the demand, large profits were possible 
from merely skimming the surface with little regard to the efficiency or 
thoroughness with which the oil was obtained. With this policy 
in force, great quantities of gas were wasted and when the reservoirs 


ceased producing by natural means they still contained a large fraction 4 
of the oil originally in them. . : 
The present tendency in the industry is toward conserving existing : 


oil reserves. In order that greater percentages of the oil present in the 
ground may be recovered, efforts are being made to improve production 
methods and to rework depleted fields. If the production methods are to 
be improved intelligently it is essential that the fundamental laws be 
known and understood, consequently large amounts of money and effort 
are being spent in gathering data that will serve to define and interpret 
these laws. , 
A great deal of attention is being focussed on the study of the motion 
of oil through an oil-bearing sand, the forces that cause it to move and 
_ the factors that affect its motion. It is recognized that one of the 
important factors is pressure, but its quantitative effect is not known. 
In a given field the rate of production declines with time and so does the 
rock pressure. Furthermore, a comparison of different fields shows, as a 
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rule, that those with the greater initial rock pressure! have the greater 


initial production. This leads naturally to the conclusion that the pro- 


duction rate is roughly proportional to the rock pressure and it is plau- 


sible to assume that if steps be taken to make the rock pressure decline 


more slowly than it would under natural operating conditions the pro- 
duction rate will decline less rapidly. If this is so, the ultimate recovery 
under these conditions should be greater. Quantitative evidence con- 
cerning the effect of pressure maintenance on the rate of production is 
lacking but it is hoped that future investigations will show what it is. 

There are two methods by which the decline of rock pressure can be 
retarded: (1) by controlling production of the oil in such a manner that 
the amount of gas removed from the reservoir with a given amount of oil 
is low, for the lower the gas-oil ratio, the more slowly the pressure will 
decline; (2) by returning to the oil-bearing reservoir all or a portion 
of the gas that is brought to the surface with the oil, which is equivalent 
to a reduction of the gas-oil ratio equal to the difference between the total 
gross gas produced and that returned. 

It is of considerable value to know quantitatively what change in 
the decline of rock pressure would result from a change in the gas-oil 
ratio. With such a relation it would be possible to predict the change in 
rock pressures with various production methods. It would show, for 
instance, what rock pressures could be expected if a program of repressur- 
ing in the early life of the field were made effective and how great a frac- 
tion of the oil could be produced before the rock pressure would fall to a 
given value. This information would serve as a basis for estimating 
future increased production to be expected from an early repressur- 
ing project. 

Inasmuch as a naturally flowing well will continue to flow as long as 
the pressure at the bottom of the well is sufficiently great, maintenance 
of rock pressure at a high level should lengthen the flowing life of a field. 
Since lifting costs in pumping wells will average 25 c. per barrel, the eco- 
nomic value of maintaining a high rock pressure is manifest. Pressure 
maintenance might be justified from this point of view even if there 
were no increase in the total oil recovered. To establish the relation 
between gas wastage and rock pressure would be essential in making an 
economic balance between the cost of gas injection and the saving of 
lifting costs, and would determine whether the cost of a proposed project 
of early repressuring would be justified on the basis of saving in lifting 
costs alone. 

This paper presents one derivation of a mathematical relation between 
the amount of gas wasted from the reservoir and the average rock pres- 
sure after a given fraction of the oil has been removed. 


1 By rock pressure is meant the average pressure throughout the field, both at the 
wells and the areas between the wells. 


< 176 mnreet es GAS-OIL R RA 108 ON 
‘Dunrvarton oF Bavar 


The only assumptions necessary in a ik riv 
are: (1) that there is no water drive; (2) that the 5 solubilit 
in the oil follows Henry’s law; 7. e., the volume of gas (meas 
ard conditions) dissolved in a oe volume of gas-free oil is dir c 
portional to the gas pressure. This last ene is justified 


ae 


and others, who have found a eee neisticn eee the pressure aye 
the amount of gas dissolved. Certain terms used in this paper are Sle 7 
as follows: 

Gas-free oil is dead oil resulting when the pressure is reduced to zero. a 
pounds gage; in other words, it is oil saturated with gas at one atmosphere. 4 

Original conditions are the conditions of pressure, temperature, sand Pr. 
saturation, etc., existing in the reservoir just prior to the time the first 
well is drilled. 

Volume of the reservoir is understood to mean the total volume of all 
the pore space in the sand. 

x is the fraction of the gas-free oil originally in Mane reservoir that has 
been removed up to a given time. The gas-free oil originally in the sand 
is therefore equal to 1. : 

P is the original rock pressure expressed in atmospheres. 

p is the mean rock pressure in the reservoir after a given fraction of the 
oil, z, has been removed. This is also expressed in atmospheres. 

k is the constant in the expression for Henry’s law; amount of gas 
dissolved = kp. { 

a is coefficient of volume expansion due to the solution of one unit ; 
of gas in one unit of gas-free oil. Thus the total volume occupied by the 
mixture of oil and gas when one volume of gas-free oil is saturated with ~ ; 
gas under the pressure p is (1 + akp). ‘ 

y is the fraction of the total gas originally in the reservoir wasted in 
producing x volumes of oil. When gas is returned to the reservoir, 
only the difference between the total gas produced and that returned is 
considered as wasted. 7 

m is the ratio of volume of reservoir filled with free gas at pressure 
P to the volume filled with oil. 

g is the mean amount of gas wasted with each unit of gas-free oil 
produced, divided by the total amount of gas in the reservoir per unit of 
oil under the original conditions. Therefore, y = gx. If ris the mean 
gas-oil ratio (cubic feet of gas per cubic foot of oil) during production. 


Mi 


9 ~~ mP(1 + akP) + kP 


In the derivation to follow, all volumes are expressed in cubic feet. 
Volumes of the gas-free oil, the total liquid and the space in the reservoir, 
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being independent of the pressure, are expressed in cubic feet and are not 


3 ~ corrected for pressure. But all volumes of gas are expressed as the num- 
= ber of cubic feet the gas would occupy at one atmosphere of pressure and 


the reservoir temperature. . 

‘As all volumes, whether of the liquid, gas, or space in the reservoir 
at any time, will be expressed in terms of a fraction of the gas-free oil 
originally present, it is immaterial, for the purposes of the derivation, 
how much oil is originally present in the reservoir. 

In order to simplify the mathematics of the derivation, it is assumed 
that the reservoir originally contains 1 cu. ft. of gas-free oil. The relation 
thus derived may be applied to any given reservoir, for the rock pressure 
after one-half the oil is removed under a given set of conditions is the 
same whether the oil originally contained in the reservoir was 1 cu. ft. 
or any multiple of that amount. 

The volume of the gas-free oil at the start is equal to 1; of the liquid is 
(1 + akP); and of the free gas is m(1 + akP). The total volume of the 
reservoir is the sum of the last two or (1 + akP) + m(1 + akP). 

After x volumes of gas-free oil have been removed from the reservoir: 

(1 — x) = volume of gas-free oil remaining in the reservoir. 

(1 —-a)(1 + akp) = volume of liquid remaining in the reservoir. 

The volume of the free-gas space in the reservoir will be equal to the 
total volume of the reservoir minus the volume of the liquid or [(1 + akP) 
+ m(1 + akP))— (1 —-—2)d+ akp), which is equal to x(1+ akp) 
+ ak(P + Pm — p) +m. 

(1 — x)kp = volume of gas dissolved in the saturated oil remaining 
in the reservoir (measured at atmospheric pressure and the reservoir 
temperature). 

The total volume of gas (measured at atmospheric pressure and reser- 
voir temperature) remaining in the reservoir will be equal to the sum of 
gas dissolved in the oil plus the gas occupying the free-gas space in the 
reservoir, sO 
(1 — a)kp + pl(l + akp)a-+ ak(P + Pm — p) + mj = total volume of 
gas remaining in the reservoir. 

The volume of gas remaining in the reservoir may be expressed in 
another manner, for since the volume of gas dissolved in 1 cu. ft. of gas- 
free oil under original conditions is kP and the volume of free gas 
associated with it is Pm(1 + akP), and as y(or gz) is the fraction of this 
gas which has been wasted, 

(1 — y)[(1 + akP) Pm + kP] = volume of gas remaining in the reservoir 

Equating these two expressions we have, 

(1 — x)kp + pl(1 + kp)x + ak(P + Pm — p) + ml 
= (1 — y)[(1 + akP)Pm + kP] 
= (1 — gx)[(1 + akP)Pm + kP|] 
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For a given field a, k, m and P are fixed and when g iach ir 
value the only scavtelales are p, the rock pressure, and z, the f 
the oil produced. The natural procedure in using this equation woul : 
to assign a value to x and solve for p, but since the equation is a quadr t 
in p and only linear in 2, it is simpler to express x in terms of p. Thue 
expressed the equation becomes es. 
_ m(P + akP? — akpP — p) + k(P — p — apP + ap?) (1) " 
m(gP + gakP*) + (1 —k)p + akp?+ gkP ade 
For a field where all the gas in the reservoir is held in solution 
(where there is no free gas), m becomes equal to zero. This simplifies the 
above equation to 


et =P — apP + ap) [2] 
(1 — k)p + akp? + gkP — 


NuMERICAL ILLUSTRATIONS 


The manner in which these equations can be used is best illustrated 
by means of numerical examples. A hypothetical case will be used but 
the conditions assumed will not differ materially from those existing in an ; 
actual field. Consider an oil field under the following conditions: ‘A 

1. The original rock pressure P is 100 atm. (1470 Ib. per sq. in.). : 

2. At 100 atm. and the reservoir temperature, 240 cu. ft. of gas is 
dissolved per barrel of gas-free oil, giving a solubility of 42.6 cu. ft. of 
gas per cubic foot of oil. In this case, k = 0.426 cu. ft. of gas (at stand- 
ard conditions) dissolved per cubic foot of oil per atmosphere of pressure. 

3. When saturated with gas at 100 atm., the volume of the mixture 
is 10 per cent. greater than the volume of the gas-free oil. Therefore, 

a = 0.00234. 

4. The porosity of the sand is uniform throughout and has a normal 
value, so the sand is “‘open.”” The formation is not lenticular but forms a 
single reservoir. The wells are evenly spaced so that the same average 
rock pressure exists in the various portions of the reservoir. 


Case 1. 10 Per Cent. Free Gas in Reservoir at Start and All Gas Produced 
Returned to Reservoir 


For these conditions m = 19, as volume of free-gas voids is 10 per 
cent. and volume of oil-filled voids is 90 per cent. Since no gas is 
wasted, g = 0. 

Substituting values of a, k, P, m, and g in equation 1, we have 


54.5 — 0.645p + 0.001p2 
0.577p + 0.001p? + 0 


Curve 1 (Fig. 1) is plotted from this equation. In this chart the 
values of p found from the equation have been multiplied by 14.7 in order 
to express the pressures in pounds per square inch, 
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: - Case 2. No Free Gas at Start and All Gas Returned to Reservoir 


In this case m = 03g = 0. 
Substituting values of a, k, P, and g in equation 2 we have 


_ 42.6 — 0.523p + 0.001p? 
-0.577p + 0.001p? + 0 


Curve 2 is plotted from this equation. 
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THEORETICAL POTENTIAL PRODUCTION 


Fic. 1.—CurvES PLOTTED FROM AUTHOR’S EQUATION. 


Case 3. No Free Gas at Start and Gas Wasted Equal to Original Solubility 


In this case m = 0;g = 1. The mean gas-oil ratio during production 
is 240 cu. ft. per barrel of oil. 
Substituting values of a, k, P and g in equation 2 we have 


yee 42.6 — 0.523p + 0.001p? 
~ 0.557p + 0.001p? + 42.6 


Curve 3 is plotted from this equation. 


Case 4. No Free Gas at Start and Gas Wasted Equal to Five Times Original 
Solubility 


In this case g = 5;m=0. This is equivalent to an average gas-oil 
ratio of 1200 cu. ft. per barrel of oil. 
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Case 5. Gas Wastage Changed during Proton’ 


The four examples cited apply to conditions where a given aver: 
gas-oil ratio prevails from the beginning of production to the ae x 
question. There are many cases to be considered where one ratio prevai ls 4 
for a part of the time and thereafter the ratio is changed decidedly; for 
example, where repressuring is started after the field has produced oilin 
the normal manner. In this case a curve should be drawn representing 
conditions up to the time of the change. The value of p at the time of the 
change becomes P for a new equation and the new m can be calculated — 
from the original value of m and the value of x. The new values of x 
calculated from this second equation will be expressed as fractions of the 
oil in the reservoir at the time the change is made and not of the oil 
originally in the reservoir. It is an easy matter, however, to convert 
these values of x into a set expressed in terms of the original oil content 
of the reservoir. The following calculation illustrates a case described 
above. 

Assume that be conditions represented by curve 4 held until the 
pressure falls to 590 lb. (40 atm.). By this time 0.095 or 9.5 per cent. of 


 ————— eS ee 


the gas-free oil has been produced. At this point repressuring is started : 
with the result that net gas-oil ratio drops from 1200 to 140 cu. ft. per 
barrel. 


Computation will show that when the repressuring is started, there ; 
is a ratio of 140 cu. ft. of gas to each barrel of oil left, and, therefore, for 
the new equation, g = 1. Since m is defined as the ratio of the reser- 
voir space occupied by free gas to that occupied by liquid 
(1 + akP) — (1 — x)(1 + akp) 

(1 — x)(1 + akp) 

Substituting 40 for p, and 0.095 for x, m comes out equal to 0.164. 

Using k = 0.428, a = 0.00234, P = 40, m = 0.164, and g = 1, a pres- 
sure-decline curve can be calculated. The results of such a calculation, 
expressing x in terms of the oil originally present, are plotted as curve 5. 
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PractTicaL APPLICATIONS 


The relation between the gas wastage in a given field and the decline 
of the rock pressure can serve as the basis for a number of important 
calculations. Several of the applications will be discussed briefly. 
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the gas-oil ratio and the rate at which rock pressure in a reservoir declines. 
For example, curve 2 represents a case where all of the gas is returned 
to the reservoir and the net gas-oil ratio is consequently zero. This curve 
shows that returning all of the gas does not maintain the pressure at its 
original value, as is sometimes supposed, but that the pressure will gradu- 
ally decline. If it were possible to remove all the oil, the pressure 
would finally fall to 564 Ib., which is 38.4 per cent. of the original rock 
pressure. The rock pressure after any given fraction of the oil has been 
produced can be predicted from this curve. 

Curve 3 is for a case where the original reservoir conditions are the 
same as for curve 2, but the net gas-oil ratio, or the gas wasted, is equal 


to the gas originally dissolved in the oil. For the assumed field, it is a 


ratio of 240 cu. ft. per barrel. Nere the pressure declines much more 
rapidly than for curve 2, and the pressure will fall to atmospheric at the 
time all the oil is removed. 

Curve 4 is similar to the other two except that the net gas-oil ratio 
is fivefold the original solubility, or 1200 cu. ft. per barrel. In this case 
the pressure declines rapidly, reaching atmospheric when only 20 per 
cent. of the oil has been produced. Similar curves could be drawn to 
illustrate other ratios, but these should suffice, as they clearly indicate 
the trend. 

This equation can be used to illustrate the marked effect that small 
increases in the gas-oil ratio have on the maximum amount of oil recover- 
able and to point out the importance of keeping the gas-oil ratios at the 
lowest possible value. Table 1 is calculated for a reservoir under 
these conditions. 


Tasie 1.—Effect of Small Increases in Gas-oil Ratio 
ei ee eee ee 
Average Gas-oil Ratio g Value of x when p becomes Zero 


240 1.0 
360 1.5 
480 2.0 
720 3.0 
960 4.0 
1200 5.0 

7.5 


It is evident that the values in the third column are reciprocals of g. 

It must not be inferred from this table that if the indicated gas-oil 
ratios prevail, it is possible to produce the corresponding amounts 
of oil given in the third column. If it is granted that gas energy is the 
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force that moves the oil to the well, there must be pressures in th 
voir greater than at the bottom of the well, if there is to be any movement _ 
of oil to the well and the average pressure over the field, p, will be greater . 
than zero. The exact value of the mean rock pressure when production — 3 
ceases will probably vary from field to field, depending on the conditions — 
in the oil-bearing reservoir, and it is doubtful whether anyone at present — 
knows what this value is. Production will cease before p falls to zero and — 
consequently before x reaches the value shown. However, it can be 
stated definitely that where the oil movement is due to gas energy, © 
with a given gas-oil ratio, the total production cannot exceed the 
values given. 

For fields that have been developed in the past under competitive con- 
ditions with little attempt to control the gas-oil ratio, it can be estimated 
that the mean gas-oil ratio has been between 1200 and 2000 cu. ft. per 
barrel, giving values of g between 5 and 6, so that the maximum recovery 
possible is limited to 16 to 20 per cent. This estimate agrees with those 
commonly made for the recovery from such fields. 

It is evident from this table that the gas-oil ratio should be kept 
as low as possible in order that the production limit may be as large 
as possible. When the gas-oil ratio is not large, even small changes in the 
ratio affect the limit considerably. Thus, if the ratio is 480 cu. ft. 
per barrel, the limit is 50 per cent., and an increase of only 240 cu. ft., 
bringing the total to 720, will reduce the limit from 50 to 33 per cent. In 
a large pool, this can mean a difference of several million barrels. In 
some fields the ratios can be kept low, but in many the ratios, unfortu- 
nately, are high. In June, 1929, four California fields had average ratios 
varying between 1200 and 4600 cu. ft. and one field had an average ratio 
of 23,000 cu. ft. per barrel. Unless an unusually large portion of the 
reservoir is filled with free gas, these ratios point to a low percentage of 
ultimate recovery. As the crude produced in the field in which the ratio 
of 23,000 cu. ft. per barrel prevails has a high gravity, the solubility of the 
gas is undoubtedly large. But even if the solubility is as high as 600 
cu. ft. per barrel under the original pressure conditions, and if it is assumed 
that one-third of the reservoir is filled with free gas, the rock pressure 
will fall to zero when less than 3 per cent. of the oil is produced. 

The curves indicate that if, as a result of returning to the reservoir 
a portion of the gas produced, the value of g is less than 1, p will never 
fall to zero. This should not be interpreted to mean that 100 per cent. 
of the oil can be recovered. This is not necessarily so, for it will prob- 
ably happen that as the reservoir becomes depleted, more and more gas 
will accompany a barrel of oil to the well and as this gas is returned a 
cycle will be established. Even under pressure, the daily production 
rate will probably become small as the reservoir approaches complete 
depletion, and a point will be reached before the reservoir is entirely 
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~ empty at which the rate of oil production will be so low that it will not pay 


to compress the gas necessary to continue production from the field. 


__ At what point this economic limit will be reached cannot be predicted, but 


it seems reasonable to suppose that it will be somewhere between 60 and 
80 per cent. This limit is so much greater than those corresponding to 
normal production methods that it emphasizes the importance of return- 
ing all gas possible from the very start. 

Although at the present time we are unable to predict how the daily 
production rate in a particular field will be affected by the mean rock 
pressure and the extent to which the pore spaces of the sand in the reser- 
voir have been depleted of their liquid content, it is hoped that future 
research work will reveal such a relation. If anyone is fortunate enough 


_to discover this relation, the equation and the curves described in this 


paper will be useful in calculating the pressures needed in the expression 
used for predicting rates of production. 

A knowledge of the volume of oil contained in a given reservoir 
is always valuable. If the initial rock pressure, the present average rock 
pressure, the solubility of the gas and the average gas-oil ratio prevailing 
up to the present are known, the fraction of the oil which has been pro- 
duced can be calculated from this equation. If the total oil production up 
to the present is known, the total amount of oil in the ground can be 
readily calculated. For example, suppose the original conditions in the 
field are the same as those assumed in the illustrations given, that the oil 
is produced with a ratio of 1200 cu. ft. per barrel, and that 2,000,000 bbl. 
of oil have been produced by the time the pressure falls to 1030 lb. 
(70 atm.). In this case curve 4 would apply, indicating that 0.04 of the 
total amount of the oil originally in the reservoir has been produced by the 
time the rock pressure reaches 1030 lb; consequently, the total amount 
of oil originally present is 2,000,000 divided by 0.04, which is 50,000,000 
bbl. - If by the time the pressure has fallen to 440 lb. (30 atm.) the total 
production is 5,500,000 bbl., these data can serve for another calculation 
of original amount of oil, which in this case is 46,000,000 bbl. By averag- 
ing a number of such calculations made from data taken at various periods 
in the life of the field, a fairly reliable estimate can be made. 

The lack of essential data is the principal obstacle in applying the 
derived equation in this paper to most of the existing fields. The initial 
rock pressures were not recorded, the volumes of gas wasted during flush 
production were not measured, and the relative volumes of free gas and 
liquid in the reservoir at the start were not determined. The present 
trend is toward measuring and recording all pertinent data from the 
beginning. The usefulness of this equation emphasizes the need of gath- 


ering these data. 


| POs wey 
ert OE BEECHER, 
gas originally i in the 
to the sand? abs 

ee y va . 


H. D. Wize, Jr. —Yes, all the eas produc 


curve ssi result. 
One of the practical difficulties in using these equations, is the ni 

; the ratio of gas-filled space to oil-filled space in the reservoir. However, a. 
= error can be made in estimating the value of m without seriously affecting the cur 
With a knowledge of the geological conditions and observation of the gas-oi 
ratio of new wells, one can estimate how much free gas was in the Booby origin 


considerable error in ERTS m is made. the curve will be close to wit f 
be, and if m were given too low, the curve would be lower, which would be to you ra 
benefit, as it would show that pressure is maintained longer than you pee tea: = 


-C. J. Dexean,{ Ponca City, Okla.—I understand that your calculations on the 
E amount of recoverable oil are based on the assumption that 240 cu. ft. is the maxim mm 
amount that can be in solution? " 


. - 4 
F - H. D. Wiipz, Jr.—No, we have merely assumed a case where the solubility is 
| 240 cu. ft. per barrel. We know of fields in which the solubility is 240 cu. ft. under — 
‘ approximately 1500 lb. In others it may be more or less. The solubility should be- 
| determined for any particular field for which calculations are to be made. 


C, J. Drnaan.—Was it mixed gas? 


H. D. Wixpr, Jr.—Yes, 88 per cent. methane, the remainder ethane and propane. — 


* Chief Production Engineer, Empire Gas & Fuel Co. 
, { Valuation Engineer, Maryland Oil Co. 
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ee, ~ Condensation Effect in Determining Gas-oil Ratio 


By ALExANDER B. Morris,* Tuusa, OKkia. 


(Tulsa Meeting, October, 1929) 


In a recent paper on the intermittent injection of gas in gas-lift 
operations as opposed to continuous injection, Morgan Walker presented 

-_ acomparative table showing the effect on oil and gas production from the 
same wells under the two methods of operation.’ This table carried 
a column showing the formational gas-oil ratios under each method, 
computed by deducting the volume of input gas from the volume of 


trap gas. 


During the entire spring and summer of 1928, the present writer had 
been engaged on some extensive test car tests of rich gas in Glenpool, 
seeking, primarily, for an explanation of the apparent loss of gasoline 
during the summer season between the field meters and the.plant master 
meter. Tests at several of the field meters where the richest gas was 
obtained regularly failed to check with other tests on the same gas made 
farther along the line, and the difference was not made up by the quan- 
tity of drip gasoline collected between the points. In the course of 
these tests, the final outcome of which is immaterial to the present 
purpose, an attempt was made to construct a curve representing the 
relationship between gasoline content of the gas in gallons per thousand 
cubic feet and the shrinkage in the volume of gas treated as a result of 
removing the condensible fractions. Such a curve was made, expressed 
in units of gallons per thousand cubic feet on the abcissa and the ratio 
vapor volume to liquid volume on the ordinate. This curve is a rectan- 


occupy entirely different positions on the paper, as shown in Fig. 1. 
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* Valuation Engineer, Forrest E. Gilmore Co. 


gular hyperbola and shows that 3°gal. of gasoline taken from 1000 cu. ft. 
of raw gas as a vapor occupied much less space, per gallon, than did 1 
gal. of gasoline taken from 1000 cu. ft. of another sample of gas. - This is, 
in general, corroborated by converting to the same units the residue settle- 
ment curves prepared by the Tidal Oil Co. and by the Natural Gasoline 
Manufacturers Assn., though the three curves, when plotted together, 


The bearing of all this on Mr. Walker’s discussion of gas-lift is 
this: if the formational gas is to be computed by deducting the input 
gas from the trap gas, some correction must be made for the vapor volume 


1M. Walker: Intermittent Injection of Gas in Gas-lift Installations, Petroleum 
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of the gasoline picked up by the dry input gas on its traver he 
system. This may seem at first to be almost negligible, by le 
figuring from the production data given by Mr. Walker, using one of — 
these volumetric ratio curves, will show that the corrections are by no 2 
means negligible, and that they may even be so great as to indicate an 

actual repressuring of the well, where, by ordinary methods of computa- 
tion formational gas was taken from it. In other words, it is possible 
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Fia. 1.—GASOLINE CONDENSATION RATIO. 


Vapor volume to ee volume showing substantial agreement in type of results. 
A, from Natural Gasoline Assn.; B, from Tidal Oil Co.; C, from truck tests 
by author. 


that in many instances the vapor volume of the gasoline carried from the 
well in the trap gas is greater than the difference between the volume of 
trap gas and the volume of input gas. 


GASOLINE CONTENT OF TRAP Gas 


Unfortunately, the writer has had little opportunity to pursue these 
investigations in the field and to carry on prolonged observations of 
the wells under varying conditions, hence the present discussion is 
necessarily along academic lines. It was desirable, however, even for 
this approach, to determine a proper starting point or standard of com- 
parison for the gasoline content of the trap gas. Charcoal tests were 
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Net Yield Gallons Per M Cudio Foot 


y made at two wells of the Amerada Petroleum Corpn. in the Seminole 
area. Trap pressures were varied and tests made at each of several 


Fic. 2.—Errecr OF TRAP PRESSURE ON GASOLINE CONTENT OF TRAP GAS. 
A, Hallum No. 4; B, Anderson No. 2. Charcoal test made July 7 and 8, 1929. 


different pressures with surprisingly regular results. These are shown 
in Fig. 2. As the trap pressure is raised, the gasoline content of the 


trap gas falls. The parallelism between 
these curves for these two wells seems to 
indicate that the gas from each well con- 
stitutes a special set of conditions giving 
rise to a continuous curve for that par- 
ticular gas. Probably analyses of these 
gases, sampled at the different pressures, 
would disclose the key to this behavior, but 
no such analyses were made. It is there- 
fore necessary to neglect trap pressures 
altogether in this discussion, but to bear 
in mind that variations in trap pressure 
will vary the gasoline content of the trap 
gas. Let us assume, therefore, that trap 
pressures are constant under the two 
methods of production, and proceed to an 
analysis of some of the data submitted in 
Mr. Walker’s-paper. As he didnot furnish 
any figures for the gasoline content of the 


Trap = Lbs/Sq In 


Fiq. 3.—Gas CONVERSION 
CURVES. 


Showing percentage of original 
volume remaining after extrac- 
tion of gasoline. A, Natural 
Gasoline Assn.; B, Tidal Oil Co. 


trap gases corresponding to the other information, it will be necessary also 


to assume these as well. 


The values chosen for these contents are as 


follows: Continuous flow, 1.5 gal. per 1000 cu. ft.; intermittent flow, 2.5 
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removal of 1.5 gal. of gasoline from gas having that Potat'e ontent 
per cent. residue; 2.5 gal. gas leaves 75 per cent. residue. on he 


calculation, lines A, B, C and E are taken directly from Mr. Wa 


data, or in practice, would be supplied by observation. 


Line D=C-—B Line G is the corresponding Line M = K X (B+ 

Line HE = D+A factor from aconversion Line N = B + M 

Line F is the assumed gaso- curve. Line P=J+L 
line content of trap gas. Line H =G XC Line R= N+P 
(In practice, actual Line J = H —B Line S =P +A = Actual 
values should be deter- Line K = C — H gas-oil ratio 


mined.) Line L = K X VJ + B) 


TABLE 1.—Type of Computation Used to Arrive at Corrected Gas-oil Ratio 


Continuous INTERMITTENT 
LINE Anpperson No, 2 Fiow 
A. (Barrels Oil ing sete: ter eee eke tae 1077 1123 
B Input gas, dry, 1000 cu. ft.......... 1516 906 
C Trap gas, wet, 1000 cu. ft........... 1762 Liiva 4 
D Apparent formational gas........... 246 (C — B) 869 
E Apparent formational gas-oil ratio... 228 (D + A) 773 
F Assumed gasoline content of trap gas. 1.5 2.5 
From curve B, Fig. 3, 
G Residue in per cent. of total........ : 80 75 
H Dry. gas returned to trap........... 1410 GX'C) 1331 
J Dry formational gas-2...5..0e-=aer —106 (H — B) 425 
K Gasoline vapor recovered Fre erin tes 352 (C — H) 444 
L Gasoline vapor carried by new gas... 352 X wag = —26 444 x had = 141 
1516 906 
M Gasoline vapor carried by input gas.. 352 X iain 378 444 x 1331 = 303 
Vapor conditions at emergence from trap: 

Dry hia Gasoline | Wet Dry Gasoline — Wet 

Gas P Vapor Gas Gas eee Vapor — Gas 
N Input gas............... 1516+ 3878= 1894 906 + 303 = 1209 
P Formational gas......... — 106— 26=— 182 425 + 141 = 566 
BR Totaletrap ga8.icivenesss 2eLO oegb2 —" 1762 1331 + 444 = 1775 
S Gas-oil ratio corrected for 

132 566 
condensate............ — f077 = — 122.5 1193 = 505 


HA) 


The figures given in Table 2 are taken from Table 1 of Mr. Walker’s 
paper, and two columns are added, giving the gas-oil ratios computed 
when condensation effect is considered. The extent of some of these 
changes is really surprising. For example, Killingsworth 3, under con- 
tinuous flow, by the ordinary calculation of merely subtracting the input 
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TaBLE 2.—Comparison of Gas-oil Ratios 


Computed by Ordinary Method and by Method Suggested. Basic Figures Taken 


from Table 1 in Mr. Walker’s Paper 


. 3 3 F onal ae a 
_s3h Inlet Gas Tap Clie ormational Gas-oil Ratio 
P Oil, Bbl. Volume, Volume, 


per Day | 1000 Cu. Ft. | 1000 Cu. it. Ca.Ft.Gas pet Bol. Oil 
shee aa Apparent Actual 

Con- | Inter-| Con- | Inter-| Con- | Inter-| Con- | Inter-| Con- | Inter- 

tin- | mit- | tin- | mit- | tin- | mit- | tin- | mit- | tin- | mit- 

uous | tent | uous | tent | uous | tent | uous | tent | uous | tent 
Anderson No. 2........... LOT? |) 1£23" |) 256 906 | 1762 | 1775 228 773 | —132 505 
Cowden No. 4....0..0..065. 1087 | 1124 | 1525 | 1070 | 1750 | 1760 207 613 | —144 297 
S Nibey Noi3his Wir aeticlas a5 2 986 | 1024 | 1301 897 | 1365 | 1135 65 232 | —673/— 54 
INTEEVUINGS 2). octc, sve sys'eas. ois 914 900 904 767 | 1171 | 1021 292 282 45) — 3 
ONIteysINO.-4) ..< onc 873i). soe T0464)" .. sex L231) dey te ZOOFE vat =—_ SO mars ae 
PRIEMN GOIN Os osha cinta niess pick cwiave.8 400 475 | 1380 864 | 1410 | 1652 75 | 1660 | —787| 1052 
Rentic IN 0.7355. pea gala da 508 517 | 1014 937 | 1275 | 1332 514 745 15 14 
Killingsworth No. 8....... 326 290 966 860 | 1082 | 1130 367 932 | —384/— 55 
Cowden ING2B. indi: «ieeiel— eto 285 | 1111 578 | 1220 | 1200 391 | 2180 | —602} 1505 


Minus signs in actual gas-oil ratio column indicate actual repressuring of sand, where, by ordinary 
method of calculating gas-oil ratio, formational gas is being removed from sand. 


gas from the trap gas, shows that 367 cu. ft. of gas is being removed from 
the sand for every barrel of oil taken out. By the method of calculation 
suggested herein, 384 cu. ft. of gas is actually being returned to the sand 
for every barrel of oil withdrawn. 

It is admitted that many of the factors used in these calculations 
are open to serious question. No two conversion curves made independ- 
ently and by different methods can be made to check within 25 per cent. 
or more. The actual observed gasoline content of the trap gases has 
had to be assumed. The results therefore are without quantitative 
value as applied to the particular wells from which the basic data were 
obtained. The point of the whole matter is: If gas-oil ratios are to be 
used as a guide to recovery efficiency, production methods, and forecasts 
as to the life of a field, they should be computed with due regard to all the 
factors involved, of which condensation effect is an extremely important 
one. Any carefully prepared conversion curve is better than none. 
Actual gasoline content is easily determined. Careful measurements of 
-trap gas under different pressures, and almost continuous testing for 
gasoline content, would be necessary to determine the effect of trap 
pressures on total gasoline output. If these elements are given weight, 
however inaccurate they may be in themselves, the results obtained 
through their use will be a much more valuable guide than any result 
that ignores all of them and the fundamental principles which they 


represent. 
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_ back-pressures. 


woes" is petit? eee “es ee 
tance in connection with the new ‘methods 
ratios cannot be made with any degree of satisfac h 
method is adopted for determining the degree of PEO 
that is produced under back-pressures contains gas in varying degre 
solution and entrainment. This gas should be taken into account. Yan 
In a paper presented by C. C. Taylor,” the figures given in Table 3 
regarding quantities of gas left in the oil from the Santa Fe Springs field, 1” 


TaBLE 3.—Gas Left in Otl under Back-pressure 


Primary Trap Data Hecon dans Dats’ 
woe te. ; Shas rt. Tempera- | Pressure, oa 
per Bbl. ture, Lb. per Cu. Ft. 
Deg. F. Sq. In. per Bbi. 
5155 2819 128 300 2576 
4067 1256 132 300 869 
4175 1518 131 300 1241 112 ; 8 
5826 4430 123 300 4090 104 14 
2622 8775 125 200 3640 95 7 
3326 3165 122 200 2990 92 8 


These figures show that when the oil and gas are under back-pressures and when 
separated in the primary trap considerable quantities of gas pass through with the 
oil to the secondary separator, and that the higher back-pressures allow greater 
quantities of gas to be carried along with the oil than do the lower back-pressures. 
In the second case cited in the table, the gas carried with the oil amounted to an 
increase of 44 per cent. of that measured in the first trap. Unless samples of the oil 
were taken from the secondary trap, and the gas separated and measured, there 
would be an additional quantity to be taken into account, since there remained a 
certain back-pressure on the secondary trap. These figures for Santa Fe Springs 
operations indicate the divergent results for gas-oil ratios that can be obtained unless 
the gas is measured under standard conditions. 

Apparently inconsistent results for gas-oil ratios have been noted in the Seminole 
field, where tests are being made on gas-lift wells at frequent intervals, with discharge ‘i 
from the trap being made usually at close to atmospheric pressure. The example in 
Table 4 will indicate the amount of variation in a well where production remained 
constant but where variable quantities of input gas were admitted. 


* Consulting Engineer, Carter Oil Co. 


?C. C, Taylor: Modern Gas Trap Installation. California Natural Gasoline 
Assn. (February, 1929). 
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TaBLE 4.—EHffect of Varying Input Gas 


| Back- | Laem rie Gas per Barrel of Oil, Cu. Ft. 


Oil per Day, pressure : 
_ Bol. | on Trap qa 3 
Input | Output Input | ’ Output | ana 
826 | 0 | 830 | 1273 1445 | 2217 772 
826 0 1055 1539 1837 2680 843 
826 0 1286 1819 2240 | 3169 927 


The apparent difference in the gas-oil ratio, from 772 cu. ft. to 927 cu. ft. per bbl, is 
not due to back-pressure or to temperature, but to the degree of gasification of the 
oil. In other words, the oil was brought into more intimate contact with the gas by 
using a larger quantity of gas and obtaining a greater degree of spray or mist. As 
the quantity of gas was increased better contact was obtained, and thereby a greater 
degree of separation of the gas from the oil was also obtained. There was an apparent 
increase of 20 per cent. in the gas-oil ratio even under constant conditions of pressure 
and temperature; what, then must be the variation in gas-oil ratios that can be 
obtained where all the factors enter, such as back-pressure, temperature, and degree 
of gasification ? 

At Seminole, we find oil that is pumped of 41° gravity, while the oil produced from 
the same well by gas-lift is sometimes as low as 36° gravity. This change is caused 
by the removal of a greater quantity of gas from the oil by the gas-lift, and sometimes, 
if we compare the results directly, we seem to have a greater gas-oil ratio when employ- 
ing the gas-lift than when the well is being pumped. This difference is only apparent, 
however, since we can advance no sound reason for a greater gas-oil ratio with one 
method than with the other, if the quantity of oil lifted remains constant. 


I. Garpescu,* Pittsburgh, Pa.—The gas-oil ratio is not always in a condition 
of equilibrium corresponding to a saturated solution. More gas can be present in 
solution than shown by experimental data, generally accepted. This is especially 
true when the pressure of the oil is gradually reduced, in which case there is a pro- 
nounced lag in the rate of escape of gas, resulting in a supersaturated solution. Turbu- 
lent flow and vigorous shaking tend to establish a normal saturated condition. In 
measuring the gas-oil ratio, I believe that it is necessary to ascertain the degree of 
saturation, which in some cases might be different from the values obtained assuming 
a normal saturated solution. 


* Petroleum Engineer, Research Department, Gulf Production Co. 
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chat IV. Hydraulics i in “Flowing \ si Is 


Mathematical Development of the Theory of F 
Oil Wells 


By J. Verstuys,* THe Haaust, NETHERLANDS 
(Tulsa Meeting, October, 1929) 


WHEN a well strikes an oil-bearing layer, the oil has a pressure which 
is generally sufficient to enable it to rise to near the surface (sometimes 
above the surface). As soon as a well begins to produce, however, the | 
liquid moves through the pores of the reservoir bed and the pressure ins 
the well becomes much lower than the pressure originally prevailing there. 
At some distance from the well, however, the pressure in the reservoir 
bed remains unaltered; thus the pressure of the oil has not only to lift 
the oil, but also to overcome the friction resistance in the pores. The | 
fact that so many oil wells are gushers is a consequence of the energy 
accumulated in the gas. 

In gushing the well acts as a gas-lift. A mixture of liquid and gas 
(the latter partly dissolved in the former) rises vertically from the oil- 
bearing layer through a cylindrical casing to the surface. In time 
conditions alter and the well ceases to gush regularly, then the gushing 
can be further promoted by inserting a narrower tube in the well and 
connecting the top of the oil string to the tubing. If the action in time 
becomes irregular, the gushing can be kept up for a further period by 
forcing gas between the two tubes. In the oil fields the term “ gas-lift”’ is 
used actually only where extraneous gas is applied, as in the last of the 
stages mentioned. The action, however, is just the same whether the gas 
exclusively originates from the formation, or is partly applied artificially. 
‘Thus by gas-lift we simply mean a vertical tube in which the energy of __ 
gas under pressure, and of dissolved gas, is utilized for raising a liquid. 

In gushing oil wells the pressure is frequently very high and the 
absorption coefficient 0.4 (expressed in vol. ratio) of the coexisting gas is 
not particularly high, so that in reality it should be assumed that a con- 
siderable portion of the gas, at any rate at the bottom of the gas-lift, is 
dissolved in the oil. For water-producing wells this is not usually of 
such importance. 

Where the volume of the flowing gas is much greater than that of the 
flowing liquid, the latter can be suspended in the former in the form of 
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minute drops. Where, however, the gas ratio is smaller, it is possible to 
speak of gas bubbles in the liquid. Some authors say that there are 


alternating slugs of liquid and gas in the tubing. 


Two cases will be separately treated in this paper: (1) where the gasis . 
insoluble in the liquid to be lifted and (2) which is more complicated than 
the first, where the gas is soluble in the liquid. 


FUNCTION OF PRESSURE 


The pressure at the bottom of the gas-lift is greater than at the top. 
The pressure difference, however, is too small to lift the liquid; 7. e., the 
pressure at the bottom is smaller than the pressure at the top combined 
with the pressure of a liquid column, the height of which is equal to the 
length of the gas-lift. If the gas-lift (tube) were entirely filled with 
liquid, it would act in reverse direction; a downward movement would 
then in fact take place. The tube, however, is filled with a mixture of 
gas and liquid, which is here presumed to be very closely intermingled; 
i. e., the one substance is very finely distributed in the other. The specific 
gravity of the mixed column of the two substances is lower than that of 
the liquid; consequently the pressure difference at the two ends of the 
gas-lift can cause a rising movement. This pressure difference, if the 
column is once filled with a mixture of gas and liquid, may be primarily 
considered as the cause of the movement, but it will be found later on 
that the pressure at the bottom of the column filling the lifting tube 
performs a positive work, which is not much greater than the negative 
work of the pressure at the surface. There must thus be a source of 
energy and this source is the expansion of the gas in the lifting tube. An 
explanation as to the manner in which the work performed by the expand- 
ing gas is able to raise the weight of the liquid and that of the gas is by no 
means simple and will not be attempted here. It will be assumed, 
however, that the expansion work carried out by the gas while moving 
from the bottom of the gas-lift to the top (whereby the pressure declines) 
is the principal source of work that causes the rise. 

During the rise the gas volume increases, S0 that the velocity of the 
mixture increases with the height in the lifting tube. Work will thus 
have to be performed to increase the kinetic energy of gas and liquid. 
The weight of the gas and the liquid will rise so that the gravity will 
perform negative work and thus the same amount of positive work will 
have to be supplied by the available sources of energy. Further, a 
resistance will be set up in the tube which we shall term here the “‘turbu- 
lence resistance.” This resistance will perform negative work. 

One can compute that if all gas (see No. 20 in the bibliography at 
the end) accompanying the oil were free, the drop of temperature would be 
1° C. in approximately 700 ft., depending principally on the specific heat 
of the oil. In case a part of the gas is dissolved in the oil, this is set free 
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loss of energy, the gas no longer expanding - 
pute, however, that the loss of energy practically ney 
more than 0.5 per cent. of the total energy exerted during th 
of the gas in the tube. | “So wev 
that we remain within the limits. 3 
curacies if we neglect differences of of 
temperature. ry 
Positive work is _ performed: pee 
pressure on the bottom of the column ani a 
negative work by that on the top. 
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Work EQuUuILIBRIUM 


All this work in each unit of time must _ 
equilibrate the work performed by the ~ 
expansion of the gas. Itisforthe moment | 
assumed that liquid and gas move at the 
same speed. On this assumption an equa- 
tion will be composed expressing the 
equilibrium of the work performed ina 
unit of time, in the various ways described, 
in an elementary cylinder; 7. e., ina section 
of the gas-lift tube lying between two 
planes at the levels y and y + dy above a 
certain level of origin (see Fig. 1). The , 
following nomenclature will be assumed: 


Height above a certain horizontal 


plane of origings . Why. hoe ghicet. ae y 
Volume of liquid passing per unit 
of time; 1. side Wark. Ts podios eee q 


Volume occupied at atmospheric ~ 
pressure by quantity of gas passing 


per_unitof times, see oaen ear nq 
Specific gravity of liquid........ V1 

Specific gravity of gas at atmos- 
HORIZONTAL PLANE  pherie pressure.................005 ¥ 
OF ORIGIN 4 

ae Pressure at level y above level of 
‘ origin in atmospheres.............. i) 
Pressure in chosen units of force per unit of area.............. ap 
Radius of cross-section of tubingyec ily. 3. Aaleeeee ? 
Velocity of upward movementys\.c srs thee w 


Combined volume of oil and gas flowing through cross-section per 
unit of time 
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a p Combined weight of gas and oil flowing through cross-section per 
BMS QL UENG. cpr. fee oe ‘aps bates oe nero Rael ea A aR, eae iti G 
Same for liquid alone.........-....-. seats, Git igh bod see oe G, 
Same for gas alone........... 6. ye cee e eee ete ete eens G, 
Specific gravity of mixture............-.-. eee e eee eee e tenes 8 


Hence at a level y the weight of 1 + ” volume units of the mixture is 
vi + nyz and the specific gravity of the mixture at the level y: 


n 


tee p+n (1] 

Pp 
_ The volume of the mixture flowing per unit of time through the 
cross-section at level y is: liquid, q; gas, of ; and combined, v = P = mo [2] 


The weight of the quantity of mixture flowing per time unit through 
the cross-section is composed of the weight of the liquid gy: and of the 


gas NPVa 
: G = qayi+ NYq)- [3] 
The speed with which this mixture rises at level y is: 
A TA + n 
OS ar ar Dp [4] 


The pressure exerted on the bottom surface of the elementary cylinder 
is in grams per square centimeter pa and that on the top surface is 


(p + dp)a. 
Through the former surface a volume of liquid 


P = "a enters the 

elementary cylinder per unit of time and the pressure on this surface 

thus performs per unit of time a work of aq(p +n). In the same way 

the pressure on the top surface performs a work of —aq(p + dp + n), 
so that the total work performed by the pressure is 

dW, = —agqdp. [5] 

It should not be lost sight of that in the gas-lift the pressure decreases 

as y increases, so that dp has a negative value. The quantity of work 


expressed by equation 5 is therefore positive. 
A weight of oil and gas G (see formula 3) enters through the bottom 


surface per unit of time and an equal quantity of substance passes out 

of the elementary cylinder through the top surface. Hence the work of 
gravity is per unit of time: 

dW. = —Gdy = —q(vr + nv) dy. [6] 

The negative sign is inserted here because the force of gravity is 

directed downwards. ‘The substance entering through the bottom sur- 
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to the elementary cylinder. 
In the same way a kinetic eee of: 


pot + du)? 


ee Cie 


is lost in the speed of the ec substance and thus accelerati ion 
supplies per unit of time an amount of work equaling: . 


‘ +: 2 
dW; ee Fa es ——dp = oe ye = is nye)? "dp. 
Further work in the elementary cylinder is lost by the turbulence — 
resistance. The loss of pressure per unit of length on account of this — 
resistance will be discussed later on; it is expressed by the formula in 
which the specific gravity s, and also the speed, are included. Both are ; 
dependent on the pressure p so that for the drop of pressure per length _ 
unit at a pressure p the following can be taken: 


oe S(p). [10] 


The work performed by this pressure loss in an elementary cylinder 
per time unit is the product of the drop of pressure, the volume flowing 
through and the length of the elementary cylinder. 

So if f is written as abbreviation for formula 10, one can generally take: 


5 eS bh} 


dW, = —rrfudy = -o - "tdy. [11] 


The gas at the bottom surface of the frat cylinder has a pres- 
sure p and at the top surface p + dp; so the volume at the bottom surface 
ng =" ng 4 
p+dp ‘5 
passing through the dliivenuad ttle ob unit of time therefore 


is and at the top surface The volume of gas 


sa) ee 


increases by a = iP Hence the work performed by the pres- 


sure of the gas owing to this expansion is: 
dW; = — ang? [12] 


and this amount of work is supplied to the elementary cylinder. 
If there is no other energy loss than that of the turbulence dW, one 
can write: 


dW, + dW:+ dW; + dW,+ dW; = 0 [13] 


s .-— i 4 _ = ~ 
- 4 oy (ae we sa ‘eh? 
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ulas 5, 6, 9, 11, 12): 


ie runt yo % pets. ; 35) . : oy 
:  titae — qlvi + nyo)dy + aan + nye)” 5 "dp — ght dy = 
maw a Suns = ee 
ithe ange? =0, [14] 


in which all terms can be divided by q and in which the terms including 
dy and those including dp can be separated from each other. 


~ 
a 


B | Gu +m) + PEN ay = 


a 2. 
ides —at+ aig + nye)E = s dp. [15] 


us P 


The value of f is (see No. 16 in bibliography) dependent on p, but y 
does not occur in it, so that the variables can be separated, and a further 
simplification can be made as follows: 


pin, qn ptn 
Sage +t mrtg! ts ie ibe 


(yi + nvo) + aL 


dy = dp. [16] 


This equation can be solved if a certain function is substituted for f. 
For this purpose the following is taken: 
_ gs _ of? (p + n\? p 
een (ore LC 017 
ptn 
Pp 


in which ¢ is a constant, converting formula 16 into: 


2 
= Fn + mw) 


Dearie ated p 
dy = : 3) ap. [18] 
otmoli +e 22s 


By taking formula, 17 as applicable, it is assumed that in so far as 
concerns the turbulence, the mixture of gas and liquid behaves as a single 
liquid or as a single gas, while the effect of the viscosity is disregarded. 
This assumption is probably not entirely correct (see No. 16 bibliography) 
but there are further inaccuracies or incompletions, the deduction of 
which will be facilitated by the introduction of coefficients, the depend- 
ence of which of the pressure p will have to be ascertained by experiment. 
So in formulas 17 and 18, ¢ is probably a function of p; there is, however, 
a means of ascertaining this by experiment. 


ade 6 teed. 5 


—-— = 


ae 


wv et 


~ eross-section is er the same rr epee: Ws span - 


converted to: 


9 is too small. In formula 9 a further coefficient y will th 
be inserted, which will again depend on p. Presumably ¢ and Pa 
both dependent on q, r and n, which can likewise be oe 
by experiment. 

If the coefficient y is inserted in formula 18, this equation can = ae 


~ 


2 2 
(1 + nv) rt + cles + 


ptndp _ yan ee - 
p dy mrtg (v1 CE NYq) dy 0 [19] 


a 


If a mixture of gas and liquid is allowed to rise through a vertical 
tube of a certain diameter and one knows the pressure at levels which 
are not very far apart, a value for - in formula 19 will be found. 
dp __p2— pi 

= 20 
dy yay [20] 
if p2 and :, are respectively measured at the levels y2 and y1. 

Tests can now be carried out with different values of yi, Y9, q, n, 7, D, 


For this purpose we take: 


and - Then formula 19 will always give an equation including two 


unknown factors gandy. It is possible to make a series of tests whereby 


only one of the magnitudes mentioned to be deduced from tests is altered, P 
and thus the dependency of ¢ and y on all these magnitudes can be 5S 
successfully ascertained. } 


Till now it has been assumed that gas and liquid rise with the same 
speed, but that is incorrect. Whatever the condition may be, whether 
the gas is distributed in the liquid in the form of bubbles, or the liquid in 
the shape of drops in the gas, the gas will have the greater velocity. Gas 
bubbles which rise in a liquid attain a certain maximum speed and such 
is also the case with liquid drops sinking in a gas. 

If drops with a combined weight of M, with a uniform speed }, sink 
in a space filled with gas, gravity performs per unit of time a work of: 


Mb [21] 


and as the kinetic energy of the liquid does not increase, the gas resistance 
performs an equally important work with the opposite sign. If the speed 
difference is b, a quantity of energy is thus lost in the elementary cylinder 
per unit of time, equaling the product of this speed difference and the 
weight of the liquid in the cylinder. If the gas has a velocity of we and 
the liquid wi, then: 


U2—- UW = b [22] 


a * 
4 

» 
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The ratio of the volumes of liquid and gas in each section is as qi if 


they have the same velocity. The ratio, however, becomes as ee. ee. 


U1 PUu2 
or as ; me - Sothe volume of the liquid in an elementary cylinder is: 
r ee d [23] 


2 
"pie + nue rnp 
Hence the energy supplied to the elementary cylinder by the velocity 
per unit of time is: 


= 2 Pi 
dW byt a waste [24] 


The velocity 6 now becomes one of the magnitudes of which the 
value is to be determined empirically. If it is borne in mind that this 
depends on the other magnitudes, including the variable p, the following 
can be approximately taken: 

Leas ad 
dW. = —byar ie 7: [25] 

Consequently a term dW¢ has to be added to formulas 13 and 14. 
It should not be forgotten, however, that the kinetic energy alters and 
consequently also formula 9 again, so that the coefficient y undergoes a 
further alteration. 'The same presumably applies for ¢. 

The work dW, does not alter according to the deduction of formula 5; 
neither do dW, and dW; alter according to the deductions of formulas 
6 and 12. 

Instead of No. 19 the following formula can be obtained by adopting 
the new term: 


2 
a(yi + 20) A + at 


etn yet 


p p dy 
vain p + ndp et Fee 
mipig i NY q) p dy + by mr ? nig 0 [26] 


From this, after substitution of the values of the other magnitudes 
determined by experiments, ¢, y and 6 have to be solved and these will 
probably prove to be dependent on the other magnitudes. As ¢, y and b 
are functions of y, not directly involving p, the variables in formula 26 
can be separated, but the solution of this differential equation would be 
so complicated that it could not be applied in practice, unless it could 
be simplified by some justifiable omission. Should this not be the case, 
then for the application of the formula the gas-lift must be supposed to be 
divided into sections where the pressure respectively alters from p: to pz, 


from pz to ps, etc., and in which the average pressures i > Fete = Ps, 


etc., have to be assumed. If li, lo, etc., are the lengths over which the 
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pressure decreases : VARY to p 
one may assume respectively: at 
dp _pi- D2 Da dp _ pe nea Pe te 
Finally, formula 26 also provides the means of ms fermin 
suitable value of r; that is, the solution “hone © i P has the 


i 
value, Therefore the formula enables us to calculate what diameter the 
lifting tube should have at each level in order to obtain the most advan a 
tageous effect. 

In case the volume of the gas is much greater than the volume of th 12 
liquid, we may take it as an approximation that M is the weight of — 
the oil and b the difference of speed in formula 21. Butifthe volume of _ 
the liquid prevails, for M we could substitute the weight of a volume of © 
oil equal to that of the gas contained in the elementary cylinder, and for 
b again we should substitute the difference of speed. Also we could ~ 
substitute for M again the weight of the liquid in the cylinder and for b 
a velocity smaller than the difference of speed above mentioned. In this 
case 6 would be approximately inversely proportional to p. Without © 
having made any experiments, we may presume that if the diameter of 
the tube is so great that uw would be equal to 6, no lifting would take 
place, and this means that the action of the lift would be intermittent. 


EFFICIENCY OF GAS-LIFT 


It is not always possible to indicate the exact efficiency of the gas-lift. 
The gas that is led from the surface to the bottom of a well in order to 
rise in the gas-lift is compressed to a certain pressure, which is smaller 
than the pressure at the bottom of the gas-lift. The work performed 
for this compression is the work supplied. The effective work is that 
which would have been required for bringing up the liquid. While the 
gas is led to the bottom of the gas-lift through the space between the 
lifting tube and the oil string, gravity is performing work and thus in 
the gas-lift more work is performed by the expansion of the gas than the 
compressor supplies. 

Where an oil well is concerned and the gas comes either wholly or 
partly from the oil-bearing layer, this gas is also brought up and the 
required work is considerable because the weight of the gas can be greater, 
exceptionally, than that of the oil. Is the work required for this effective 
work or not? 


Work EQuILiBprium wiTH SoLuBLE Gas 


If the gas is soluble the question becomes more complicated than in 
the case of an insoluble gas dealt with above; in fact, now the weight of 


. 7 
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ilable gas would be dissolved, by P. 
The free gas flowing through a section per unit a ome woul at a 
pressure of 1 atm., occupy a volume of: 


‘a ag(P — p) | [28] 
} and at the prevailing pressure p, ae = = [29] 
and ya PRESS (3 
- < Tr Pp 
Further Gi = qvi + apdys [32] 
and G, = a(P — pars [33] 
while G = gyi + oP ayy. [34] 


Hence dv = — ah"? [35] 

_ _2gP dp, | 
and du = eg [36] 
Further Ae evs) P. [37] 


In these formulas, g, P, a, 1, Yo, and r are unvariable while p is an 
independent variable. 


v ~ p+ aP — ap 


This s represents the weight of liquid and gas per unit of volume. 
This can be split up as follows: 


_ (vit epy)p , aP — p)prs 
ear ap per an ise 


The last term in the formula refers to the free gas while the first 
refers to the oil with the gas dissolved therein. Thus with equal velocity 
of gas and liquid the weight of the liquid in an elementary cylinder is 
expressed by: 


2 VP + apy 
Tr aes eels [39] 
If there is a velocity difference of b this weight is then: 
ar? uss Yip + apo dy. [40] 


u—bp-+eaP — ap 


The work performed by the pressure on the elementary cylinder per 
unit of time can be expressed as follows. The pressure at the bottom 


Apaertioa eaéfiinient mill be represented by a, pressure at which all : 


a= 


ended 6B. tn A 


, j ae 
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surface is p and a volume» itbes equate : 
per unit of time. So this pressure performs: W 
apo sis 
In the same way the pressure on the top surface patoms 8 
—a(p + dp)(v + dv) = —a(pv + pao - + vp) 
Hence the total work of the pressure is: 


dW, = —apdv — avdp = aagh sy o(a s° ad. a aa) tp a 


amie — a)dp = —edp (as ae 

in which c; = ga(1 — a) [44] 

~The work of gravity can be expressed as follows: a weight G (see — 

equation 34) enters through the bottom surface per unit of time and 

through the top surface an equal quantity of substance flows out of the 

cylinder. So the work performed per unit of time is: —_ 

dW, = —Gdy = —q(yi + aPy,)dy = —csdy [45] 

in which ce = g(yi + aP yz). — * [46] 

The kinetic energy which is communicated to the elementary cylinder 

is the difference between the kinetic energy of the substance flowing in © 

per unit of time and that of the substance simultaneously flowing out. 

If all molecules in a cross-section actually had the velocity u respectively 
u + du, we could write: 


dW. = 52{w — (w+ du)*} = —Fudu = 

: eR +aP— P 

gy aa Yo) (p a . ap)a dp =f3(p)dp [47] 
. F, aP “* 
in which Pipe ut: Yo) (p+ Ze ap)oP x 


As in the case of an insoluble gas a coefficient y could again be adopted. 
The resistance caused by the turbulence is dependent on the specific 
gravity of the mixture and on the velocity; so this is a function of the 
pressure p. For this resistance we shall Spaz past) take per unit 
of length: q 
fa(p) [49] | 

hence: dW, = —fa(p)dy [50] 

By the pressure of the gas, two kinds of work are performed, which, 
however, according to a previously deduced rule (see No. 19, bibliog- 
raphy), is equal to the work performed in case all the gas were free and 
expanded between the same pressure limits, in this case p and p + dp. 

So one can write: 


3 aPgn, 2+ GP g\ Me dp 
We = a(t ~ op) = ~aaPa® = —filp)dp, (51 


7. 


sno fepy et OES. [52] 


Pp 
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aay Finally the negative quantity of work, which is performed per unit of 


_ time in consequence of the velocity difference, is expressed as the product 
_ of formula 40 and the velocity difference b with the negative sign. If in 


formula 40 the value of wu expressed by formula 31 is substituted, we 
arrive at a complicated form. As 6 is usually small in comparison to u, 
it will not be a great error to assume: 


" 
Hence this quantity of work becomes: 
eT) mart wr 
dW. ur adel pm pe [54] 
= —bfe(p)dy 


in which 6 is a coefficient which will presumably be found to be vari- 
able, and 


2. 
folp) = art Piet te. [55] 


The equilibrium of the six quantities of work is expressed by: 


—cidp — exdy + ¥fs(p)dp — falp)dy + fo(p)dp — bfe(p)dy = 0 [56] 
In the same manner as formula 17 was deduced, an approximate 

formula can now be found for 

_ vs _ oq? (p + oP — ap)? (yi + oP y_)p 

LD ean ee p p + aP — ap 


2 ee 
= — p+ aP — op. [57] 


The coefficients c; and cs, and the functions f3(p), fa(p), fs(p) and fe(p) 
in the equilibrium equation can again be substituted by the form they 
assume in formulas 44, 46, 48, 57, 52 and 55. In this way an equation 
including the variables p, dp and dy is obtained, which is divided by dy 


: : d 
and then converted into an equation including the variables p and a 


For this equation the considerations given in respect to formula 26 
again apply. 

The surface tension probably influences the dispersion of gas and 
liquid, while the viscosity will not be entirely without effect on the action 
of the gas-lift. If the liquid is distributed in the gas, the viscosity of 
the gas would have an influence and that of the oil would influence only 
to a slight extent; in case the gas is dispersed in the oil, the viscosity of 
the oil will interfere. The viscosity and surface tension will presumably 
have some influence on the coefficients b, ¢ and y and 6 is not quite 
independent of the specific gravity of the gas and the absolute velocity 
of the oil, which depends on p. Numerous tests will have to be made to 
show whether this may be disregarded. 


The eS a tions 
gas and the liberation from the oiitake 
entirely the case. An unimportant: part , hea 
from the surrounding materials, but nearly all the energy 7 
the expansion of the gas is equilibrated by the work ead 
and dW, and thus converted into heat, so there is not much co 
the gas-lift (see No. 20, bibliography). It often happens that 
substances are deposited from the oil in the gas-lift. This is not: 
sarily a consequence of cooling. It can also result partly from the eva. 
ration of a portion of the lighter substances. The deposition of : solid 
substances would give back heat to the liquid. 148 


CoNCLUSION 


This paper gives the principles of a theory. The constants in the — 7 
formulas must be ascertained from experiments, which should be per- — 
formed on the basis of this theory. > 
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DISCUSSION 


S. F. Saaw,* Tulsa, Okla. (written discussion).—Complete mathematical solution 
of the flow of mixed liquid and gas in gas-lift work is difficult to express, owing to the 
many conditions obtaining, and to the continually changing character of several 
variables in the same lifting operation. Many attempts have been made to express 
these variables in mathematical form, so far without success. Dr. Versluys’ paper 
is an attempt to set forth such a mathematical formula, leaving the constants to be 
determined by trial. This is the logical manner in which to proceed, although 
there are difficulties to be encountered in this method of procedure for this partic- 
ular operation. 

Dr. Versluys correctly calls attention to the fact that the action of the gas-lift 
is the same whether the gas originates in the formation with the oil or is supplied from 
an external source. The gas supplied from outside the formation may differ in 
chemical formula from that found in the formation, and in that respect may set up 
different action, but this does not make for any difference in the lifting principles 
involved in gas-lift work. 

Dr. Versluys calls attention to the fact that in natural flowing wells a considerable 
portion of the gas is dissolved in the oil at the bottom of the tubing; this is correct in 
many cases, though in many other cases it isnot correct. In the Seminole field there 
are wells in the Cromwell sand making from 1000 to 10,000 cu. ft. of gas per barrel of 
oil. In one such well, on which several tests have been made, it was found that the 
gas-oil ratio was approximately 8000 cu. ft. per bbl. with bottom-hole pressure of 
about 500 Ib. per sq. in., under which condition there can be scarcely 150 cu. ft. of 
gas contained in a barrel of oil; in other words, less than 2 per cent. of the gas issuing 
with the oil is dissolved in the oil. Similar conditions will be found in the old Crom- 
well pool, Oklahoma, in many of the southern California fields, in Rumania, and 
elsewhere. In fact, in the majority of wells flowing naturally, or flowing with the 
aid of air-gas lift, the amount of gas dissolved in the oil at the bottom of the tubing 
is a small percentage of the amount of gas issuing at the discharge. The following 
pressure at the bottom of the tubing is much lower than.the rock pressure, consequently 
rock pressure should not be taken as a criterion of the flowing pressure; if the flowing 
pressure were not considerably lower than the rock pressure, there would be little 


flow of oil into the well. 


* Consulting Engineer, Carter Oil Co. 
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_ lift when employing tubing of large diameter. In a well flowing continuov 


» 
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In the early days of air-lift. work, ee 1s 
of the lift in many cases showed alternate slugs or pist« “ I 
tubing. This may have been the general theory of some authors, 
with glass tubing of small diameter will appear to bear out that theory, asso 
attraction in tubing of small diameter has 4 different effect from the action of 
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tubing of 1 in. dia. the flow does not take place in alternate slugs of liquid and gas, k 
is a flow in which the gas bubbles are constantly expanding and breaking, and : ; 
darting here and there through the liquid, as it rises in the tubing. B aa 

Dr. Versluys says that in gas-lift flow, a turbulence will be set up in the tubing 7 
which will perform negative work. This is true if we permit ourselves to use a collec- 
tive term for the various kinds of registance set up in the tubing, but in most cases 
this resistance to the flow is too great a percentage of the total work performed by the 
expanding gas to collect within one term, and the elements making up this resistance _ 
are not cumulative, nor do they directly offset each other, hence mathematical expres-_ 
sion should be made of the various kinds of resistance before we can find a formula 
that can be successfully applied. So far, we recognize the following factors within 
the tubing that perform negative work: ———< 

1. Frictional resistance of the wall of the tubing, constantly changing. 

2. Slippage of the liquid back through the gas. 

3. Viscosity, varying throughout the length of the tubing. 

4. Temperature of the fluid, constantly changing. 

5. Other factors not yet recognized. 

In applying a formula, there must be a differentiation between these factors 
because they are constantly changing throughout the length of the lift, and their 
combined effect is not cumulative. At the lower end of the tubing, in nearly all 
instances-of practical application of the lift, the velocity is lower than in the upper 
part, consequently the friction along the surface of the pipe is less than at the discharge. 
On the other hand, owing to this lower velocity at the lower end, the slippage of the 
liquid back through the gas is greater than in the upper end where the velocity is 
higher. Throughout the entire movement there are also changes in viscosity and in 
temperature, and these changes have a pronounced effect on factors of friction and 
slippage. There is also another loss due to acceleration, which is not regarded by 
some authors as a loss; but since the primary object of the air-gas lift is to deliver 
liquid to a given point at the discharge, this alone should be considered as the quantity 
of useful work performed. 

In many gas-lift operations, the mass of liquid is so great compared to that of the 
gas that there is little change of temperature, consequently very little error is involved 
if the lift be considered as acting under conditions of isothermal expansion. In 
instances where the volume of gas amounts to perhaps 10,000 or 20,000 cu. ft. of gas 
per barrel of oil, the temperature at the discharge is much lower than at the bottom 
of the tubing, and the action is not that of isothermal expansion. So far we do not 
know whether the change in temperature from the bottom to the discharge is uniform, 
therefore it is difficult to apply exponential formulas to this class of flow ; for the 
present, the best we can do is to assume for purposes of calculation that expansion is 
isothermal, even though this is not strictly correct, as it affords us a standard which 
is far better than no standard at all. 

Dr. Versluys invites us to apply the formula to which he has given mathematical 
expression, determining the constants by experiment. This idea, in principle, is 
correct, I believe, but in practice it is exceedingly difficult to carry out. Experiments 
covering a small range of lift up to 200 or 300 ft. are almost valueless for determining 
factors that apply to greater lifts such as obtain in almost all oil-field operations, 
consequently experiments on a laboratory scale do not provide us with data useful for 
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oil-field practice. It is usual to learn of gas-lifts being employed in oil fields where 
the depths are from 3000 to 5000 ft. or more, and in this practice, date of varying 


_ character appear to result. We know that air-lifts with inclination from the vertical 


give widely varying results from those that are vertical. In deep holes the variation 


from the vertical may be great, as we have recently learned. This inclination from 


the vertical may be an important reason for the variable results that appear to be 
obtained in air-lift work. The writer has attempted to introduce constants for the 


various factors of friction, slippage, viscosity, temperature, etc., so far with no degree 


of satisfaction, even though many thousands of observations have been carefully 
noted while making tests. This has led him to confine his calculations, for the pres- 
ent, to the standard obtained by basing the relation of foot-pounds of work in the 
gas at the bottom of the tubing to the foot-pounds of useful work in lifting the liquid 
to the discharge point, assuming the expansion to take place under isothermal condi- 
tions. As a rough guide, under these conditions, the percentage of efficiency should 
approximately equal the percentage of submergence with pipe of uniform diameter; 
where the percentage of submergence is high, the percentage of efficiency will be less 
than the percentage of submergence; where percentage of submergence is low, the 
efficiency may be as much as two or three times the percentage of submergence. 

From a practical standpoint, the method of calculation noted by the writer appears 
to serve the purpose. From a mathematical point of view the treatment proposed 
by Dr. Versluys is interesting and well worth being followed up to a definite conclusion. 


J. VErstuys.—I am much indebted to Mr. Shaw for his discussion of my paper. 
In its entity he seems to agree to my ideas and his paper mainly is an explanation of 
some of my principles to the reader. There are only two questions in which there is 
a difference of opinion. 3 

Mr. Shaw states that the percentage of the gas which is dissolved in the oil is 
small. The consequence of this idea would be that one of the formulas I deduced 
is superfluous; namely, the one including the effect of solubility of gas. I know, 
however, of a naturally flowing well in which at the pressure prevailing at the bottom, 
20 per cent. of the gas must have been dissolved in the oil. Hence the solubility. of 
the oil cannot be neglected in every case. ; 

I cannot agree to Mr. Shaw’s opinion that all the losses of energy must be treated 
separately. I have succeeded in bringing all energy—positive and negative—into one 
formula and I am of the opinion that this is the correct way to attack this problem. 
No solution of the problem can be obtained without such formula, This can be 
explained as follows. The drop of pressure in every section depends on the various 
resistances occurring in this section. But, on the other hand, all these resistances and 
the losses of energy depend on the velocity in the section. For instance, the turbulence 
resistance depends on the velocity, which means that it depends on the pressure that 
prevails. The same is true for the loss of energy due to slippage. This loss of energy 
depends on the velocity, and consequently on the pressure. So there is a mutual 
interference between all the sources of positive and negative energy in every cross- 
section and for that reason they should be included in one formula. Therefore, 
problems like the flow of oil and gas through a tubing can only be solved by the aid of 
higher mathematics. 

We may consider the most simple question—how can we express the total turbu- 
lence resistance in a tubing if we do not know the velocity and the specific weight of 
the gas in every cross-section? Both depend on the pressure. So we must have at 
our disposal a formula which includes pressure and turbulence resistance. If more 
resistances interfere, they also have an influence on the drop of pressure, consequently 
on velocity and specific weight in the adjacent section and for this reason on the 
turbulence resistance. 


is no real submerge! Es en 
there is no oil in the annular mpliee we 
long before the gas-lift was used in oil wells and onl 
used in pumping from water-wells—can only ca’ 
submergence, but there is a certain pressure at the iaeereas 
because we have to do with pressure and a gas which is compress 
energy is proportional to the logarithm of the quotient of pressures at the bott 
the top of the tubing. This is the main source of energy. If for sake of simpli 
neglect the energy due to the pressure on the volume of oil which is lifted, we ma 
that the efficiency is: ~ ‘ 

length of tubing X weight of gas : 
“pressure at bottom 
= pressure at top 


but my assistant and friend, B. P. Boots, took the following more complete formula: 
Qvhs a hy 
100{ Qlo® +Qx(pe— Pp) } 


when, Brg 


nat. log. 
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h = tubing depth in meters. 

s = specific weight of liquid. 
Q, = total volume of output gas at atmospheric pressure in cubic meters per day. 
Q, = total volume of liquid at atmospheric pressure in cubic meters per day. 
Pc = pressure (absolute) at bottom of tubing in kg. per sq. em. 

p, = same at top of tubing. 


This formula can easily be checked with the formulas in my paper if these are 
integrated. Then the logarithm will appear in the denominator. 

I believe the word submergence is misleading and on account of this one would 
be inclined to take pressure instead of its logarithm in the efficiency formula. This, 
however, is erroneous. : 

I will not elaborate further on the question of efficiency. On page 200 I warned 
against using the expression ‘‘efficiency’’ with respect to a gas-lift. 

At the Tulsa meeting, October, 1929, I described how my experiments in Rumania 
are performed. A tubing 350 ft. long is run into an abandoned well. Gas and oil 
are put in through separate pipes at the bottom of the tubing and at distances of 70 
ft. pressure and temperature are measured. Measurement of temperature is done 
electrically, measurement of pressure by manometers, while the drop of pressure on 
the distances of 70 ft. is ascertained by means of mercury differential manometers. 
I cannot agree with Mr. Shaw’s opinion that this is wrong. As it appears from my 
formula, we have to know pressure and pressure differentials. In tubing lengths of 
70 ft., drop of pressure is great enough to be indicated by the manometers. Moreover, 
because the volumes of oil and gas as well as pressure can be varied by means of valves 
at the bottom and at the top of the experimental tubing, we are at liberty to create 
any arbitrary gas-lift condition in this tubing. So, if desired, we could let the experi- 
mental tubing first give the pressure at the lower 350 ft. of a tubing, then by decreasing 


pressure let it act as the following length of 350 ft. of a tubing, if volumes of oil and gas 
are unaltered. 


Flow Resistance of Gas-oil Mixtures through Vertical Pipes 


By L. C. Uren,* P. P. Grecory, t R. A. Hancock Anp G. V. Fesxov, ¢ 
BERKELEY, CALIF. 


(Tulsa Meeting and Los Angeles Meeting, October, 1929) 


Tux resistance to flow of mixtures of gas and oil in passing up through 
the flow tubing of oil wells operated by gas-lift or by natural flow is a 
factor in oil-recovery technic that has received but little attention. Yet 
accurate design of a tubing installation for a particular set of conditions, 
where operation is by either of these methods, is impossible without 
quantitative data on the pressure loss suffered by the oil-gas mixture 
in its passage through the well tubing to the surface. Because of lack 
of such information, petroleum production technologists have been 
compelled to approach this problem by “cut-and-try”’ methods, which, 
doubtless in many cases, has resulted in the installation and use of 
tubing too large or too small for most efficient utilization of the expansive 
force of the gas used in lifting the oil. Impressed with the necessity for 
information of this character, the authors have conducted a series of 
tests with large-scale apparatus in the petroleum engineering laboratories 
of the University of California, designed to be productive of data that 
would afford a means of attacking the problem of flow-tubing design on 
a more scientific basis. 


Mecuanics or Exputsion or Gas-orr Mixtures IN NATURALLY 
FLOWING AND GAS-LIFT WELLS 


When oil is lifted from a well by the expansive force of compressed 
natural gas or air, the fluids enter the lower end of the eduction tube 
under elevated pressure, with the gas partly in solution, but largely 
distributed in the form of occluded bubbles within the oil mass. As 
discharged from deep wells, after reaching the surface, there will normally 
be at least 60 times as much gas, by volume, as of oil; and in many cases 
the ratio of gas volume to that of the oil will have a value as great as 
1000 or more. On entering the lower end of the eduction tube, however, 
a relatively smaller volume of gas will be found in the oil-gas mixture, 
on account of compression of the gas in accordance with the elevated 
pressure necessary. If the pressure at the point of admission to the 


* Professor of Petroleum Engineering, University of California. 
+ Recently graduated students in Petroleum Engineering, University of California. 
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eduction tube were, say, 300 Ib. per sq. ir 

gas to that of the oil at that point ould Te 

approximately 3 to 1 to 50 to 1, or higher. In al es We § 

with gas-oil mixtures in which the volume of gas | is mater 
than that of the oil. ae 

; The mixture enters the lower end of the eduction tube with 

of gas volume to oil volume at a minimum value for the cot 


SUPPLY TANK 


Fria. 1.—DIAGRAM OF APPARATUS FOR DETERMINATION OF RESISTANCE TO FLOW OF 
GAS-OIL MIXTURES. 


existing; but as the fluid mixture rises, the pressure diminishes and the 
gas expands. The ratio of gas volume to oil volume is therefore con- 
tinually increasing as the fluids rise, reaching a maximum at the surface, 
where the pressure is lowest. Such gas as exists in solution at the 
higher pressures is released on reduction of pressure, assuming the gaseous 
phase and further adding to the rapidly growing volume of fluid passing 
upward through the eduction tube. 
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Since the volume of fluids passing up through the eduction tube 
rapidly increases as the pressure is released, it follows that if the tube is 
of the same diameter throughout, the velocity of flow must continually 
increase, being a minimum at the bottom and reaching a maximum 
value at the top. Computations based on operating conditions in 
typical naturally flowing and gas-lift wells, in which flow occurs through 


tubing of from 2 to 4 in. dia., show flow velocities ranging from a few 


to many hundred feet per second. 
The character of flow through the eduction tube is doubtless turbu- 


lent, it being inconceivable that viscous flow could exist within a non- 


homogeneous fluid mass moving through a tube of restricted cross-section 
at such high velocities. 

As gas expands, it suffers a definite loss in temperature. Expansion 
of gas within the eduction tube is not adiabatic, however, as the oil— 
within which the gas is occluded—the walls of the tubing and the sur- 
rounding rock masses offer a reservoir of heat ready largely to make up 
loss in temperature, which would otherwise result through gas expansion. 
Expansion of the gas is probably nearer isothermal than adiabatic. 

Energy released by expansion of gas as it rises through the eduction 
tube is applied in two ways: (1) in lifting the fluid mass, and (2) in 
overcoming frictional resistance to flow. The flow resistance is made up 
of two components: (a) frictional resistance against the walls of the 
tube, and (b) internal friction within the fluid mass in adjusting itself 
to the rapidly increasing gas volume, and the fluid friction of gas-oil 
surfaces in turbulent flow. 


VARIABLES INFLUENCING PRrEssURE Loss IN FLOW oF FLUIDS THROUGH 
PIPEs 


In approaching the problem of evaluating and formulating the 
variables influencing pressure loss, the authors have assumed that the 
Fanning formula would comprise all of the variables involved. This 
formula has been demonstrated to have a wide range of application, 
including computations of pressure loss of oils and gases through pipes.’ 
The several variables involved are related as follows: 

2 
P= ee » in which 
P is the pressure loss (in pounds per square inch) sustained by a fluid 
of specific gravity S, in moving through a pipe of internal diameter D 
(in inches) and length L (in feet), at velocity V (in feet per second). 
The friction factor f is a function of the product of the pipe diameter D, 
the flow velocity V, and the specific gravity S, divided by the viscosity 


1R. E. Wilson, W. H. McAdams and M. Seltzer: The Flow of Fluids through 
Commercial Pipe Lines. Jnl. of Ind. & Eng. Chem. (1922) 14, 105. 
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Z, which may be conveniently expressed n centipoi 
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as the value of the expression —7~ It appears that if the 
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f is arbitrarily made equal to 0.00207 x DVS’ the Fanning I 


becomes equivalent to the Poiseuille formula, in which 
0.000668ZLV Plthe 
ner cule 
and holds true over the entire range of turbulent and viscous flow. os 
These expressions have been used in computing the values of f, the __ 
friction factor in the Fanning equation, and Z, the absolute viscosity . 
for various gas-oil mixtures, from observed data assembled in the course 
of the experimental tests described below. Values for P, the pressure 
loss, were experimentally determined for many different measured flow 
velocities, V, in a pipe of known diameter D and length L. Values of 
S, the specific gravity, for different gas-oil mixtures, were computed 
from the known specific gravities of the oil and gas used and the per- 
centages of each in the oil-gas mixtures. With all variables in the 
Fanning formula, except f, experimentally measured or computed, it 
has been possible to solve directly for values of f. Knowing the values 
of f, D, V and S, it has also been possible to compute corresponding 
values for the absolute viscosities of the gas-oil mixtures used. 


APPARATUS UsED IN FLow TEstTs 


The apparatus used in making the pressure-loss tests is illustrated 
diagrammatically in Fig. 1. The “well” consists of a vertical column 
of 5)4-in. casing, 42 ft. high, the lower end being supported on a concrete 
pedestal and closed by a blind flange except for a short 2-in. pipe, which 
penetrates the flange and pedestal from below. A column of 2-in. 
oil-well tubing 41.4 ft. long is suspended within the casing from a gastight 
casinghead, the lower open end of the tubing being about 2 ft. off bottom. 
This serves as the eduction tube. 

A 25-bbl. tank provides storage for surplus oil above the casinghead. 
From this tank, oil flows—with suitable valve control—into a gaging 
tank having two compartments, each of 114-bbl. capacity. A swing 
connection permits of alternately diverting the oil flow to one or the 
other of the two compartments, one filling as the other is emptied. From 
either of the two compartments of the gaging tank, oil is taken through 
a three-way valve into the suction line of a small centrifugal pump which 
discharges it under pressure, into the lower end of the vertical column 
of 514-in. casing. 

A supply of compressed air is available, which is led into one of the 
side outlets of the casinghead, thence down through the annular space 


SE ee ee eee 


~~ 


L. C. UREN, P. P. GREGORY, R. A. HANCOCK AND G. V. FESKOV 213 


between the tubing and casing to the lower end of the tubing, where it 
meets the ascending stream of oil, both fluids simultaneously entering 


the open, lower end of the eduction tube, where they become intimately 


mixed. The volume and pressure of the air used is recorded with the 


aid of an orifice meter equipped with appropriate differential and static 


pressure gages. The oil-gas mixture, after rising through the eduction 
tube, is discharged through an adjustable back-pressure valve, into the 
25-bbl. storage tank, where the fluids come to rest for a sufficient time 
to allow all the air to escape from the oil. 

Means are thus provided for accurately measuring the volume of oil 
and the volume and pressure of air entering and passing through the 
eduction tube at any time. Pressure conditions at the lower end of 
the eduction tube, and the ratio of gas to oil in the mixture, may be 
altered within a considerable range by adjusting the speed of the cen- 
trifugal pump and the pressure and volume of air passing the orifice 
meter. The pressure under which the gas-oil mixture is discharged at 
the upper end of the eduction tube may also be varied within limits by 
adjusting the weight-and-lever control on the back-pressure valve. 

In order to measure the pressure loss between the lower and upper 
ends of the eduction tube, a 14-in. pipe is tapped into the 514-in. casing, 
opposite the lower end of the tubing, while a second connection is 
made directly into the upper end of the tubing. These tubes com- 
municate with opposite legs of a mercury manometer and the differential 
pressure between the two ends of the eduction tube is thus indicated. 
A spring pressure gage also records the static pressure at the upper end 


of the column. 


MANIPULATION OF EQUIPMENT IN CONDUCT OF TESTS 


In starting a “run,” both sections of the measuring tank are filled 
with oil from the supply tank, then air is turned into the casinghead 
and the back-pressure valve is adjusted to give the desired discharge 
pressure. When the flow of air becomes uniform, one section of the 
measuring tank is connected with the pump suction and the pump is 
started, allowing the oil to flow into the bottom of the “well,” the speed 
of the pump being adjusted to provide the desired rate of oil flow. 

The lift is now operating, a mixture of air and oil rising through the 
eduction tube and discharging into the storage tank. As soon as flow 
conditions have reached equilibrium, the oil in the full section of the 
measuring tank is gaged. Because of the short lift, only a few minutes 
are necessary to establish a condition of uniform flow. By means of 
the three-way valve, the full section of the tank is now ‘cut in” and 
flow continued until this section is nearly emptied, when it is again 
gaged. The two gages provide an exact measure of the quantity of oil 
used in the run. Readings are taken of the pressure gages and manom- 
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eter at intervals during the run. The ( 
the top and bottom of the tubing gives the pi 
ticular conditions prevailing, and the quantity of air 
from the static and differential pressures on the orifice-meter 


: PROPERTIES OF O1L UsEep 7 
The oil used in these tests was a residuum fuel oil ae an oA 
gravity of 18.3°, and a Saybolt Furol viscosity of 270 sec. at the t 


temperature, which remained practically constant throughout the entire | 
; series of tests. 


REsuLts oF TESTS 


One hundred separate runs were made, under a wide variety of 
conditions, providing air-oil ratios ranging from 520 to 7050 and flow 
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Fig, 2.—VARIATION OF SPECIFIC GRAVITY OF AIR-OIL MIXTURES WITH DIFFERENT 
GAS-OIL RATIOS, 


velocities in the eduction tube ranging from 35 to 108 ft. per see. The 
pressure loss was found to range from 0.109 to 0.356 lb. per Sq. in. per 
linear foot of flow. The Fanning equation friction factor and 
the viscosity of the air-oil mixture were computed for each run. The 
reader will not be burdened with tabulated data and details of the 
computations. Instead, the authors have adopted the plan of using 
graphs for displaying the results of the tests and the relationships found 
to exist between the several variables controlling pressure loss. These 
graphs are presented in Figs. 2 to 7 herewith. 

Fig. 2 displays the computed variation in specific gravity for air-oil 
mixtures ranging from 500 to 6000 cu. ft. of air per barrel of oil. The 
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density of air is here taken as 0.0013 and that of the oil as 0.94. The 
_ graph shows the value of S in the Fanning formula for the particular oil 
and gas used throughout the tests. 
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Fig. 3.—VARIATION OF VISCOSITY OF AIR-OIL MIXTURES FOR DIFFERENT GAS-OIL 
RATIOS. 


Fig. 3 shows how the computed values of absolute viscosity of air-oil 
mixtures diminish as the air-oil ratio increases. Important reductions 
in viscosity are secured by increasing the percentage of air in the mixture. 
This tends to reduce the frictional loss in moving the fluid through the 
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Fia. 4. RELATION BETWEEN DROP IN PRESSURE AND GAS-OIL RATIOS FOR DIFFERENT 
BACK-PRESSURES. 


0.100 


Drop in Pressure, lb. per sq.in. per ft. 


eduction tube but, as will be shown in a later graph, the advantage so 
gained is more than offset by the greater flow velocity made necessary 
by increased volume of fluid to be handled. 


ship exists between the loss in pressure and | 
loss per linear foot of tubing traversed increasing diré 
of air in the fluid mixture increases. It seems probable tk 
ship does not exist over the entire range of possible mix! e 
indicating that at a ratio of between 300 and 500 there is a 

inflection point at which a reversal in the slope of the graphs will re¢ 
the flow resistance increasing below this critical point as the air-c 
ratio diminishes. The reason for this change in the characteristics | 
the graphs is found in the fact that the loss in pressure is controll 
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Fia. 5.—R®LATION BETWEEN DROP IN PRESSURE AND VELOCITY FOR DIFFERENT 
BACK-PRESSURES, 


primarily by three variables: namely, flow velocity, density and viscosity 
of the air-oil mixture. At low gas-oil ratios, governing factors are the 
reductions in specific gravity and viscosity of the mixture, which act in 
a direction opposite to that of increased flow velocity. It is estimated, 
for the conditions presented in these tests, that at a value of between 
300 and 500 for the air-oil ratio the three factors will determine a point 
of minimum flow resistance. It is regrettable that the tests could not 
be conducted at ratios low enough to determine this point experimentally, 
but it is interesting to note that it lies considerably below the range of 
gas-oil ratios normally attained in field practice. 

Fig. 4 also brings out the interesting fact that the pressure loss per 
unit of linear travel through the eduction tube is less at high pressures 
than at low pressures for a given gas-oil ratio. This, of course, is caused 
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© by the smaller trols of the gas at elavaned pressure, with consequently — 
lower velocity of flow for the fluid mixture. 


The effect of flow velocity of gas-oil mixtures on pressure loss is also 


_ well demonstrated by Fig. 5, in which the experimentally measured 


pressure loss of air-oil mixtures, for a wide range of | computed flow 
velocities, is shown for three different conditions of back-pressure. These 


graphs are of logarithmic type; hence, when plotted on logarithmic 


coordinates, they become straight lines. It has been possible therefore 
to extrapolate the graphs in both directions beyond the range of the 
experimental values. These graphs again indicate increased pressure 
loss with increased flow velocity, and lower unit pressure losses at the 
same flow velocity for higher fluid pressures. This can only result 
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Fic. 6.—RELATION BETWEEN FRICTION FACTOR AND VELOCITY. 


through diminished viscosity and density, which is attained by higher per- 
centages of gas in the fluid (computed as free gas) at the higher pressures. 

The relationship existing between flow velocity and the friction 
factor f, of the Fanning equation, is indicated in the graph of Fig. 6, 
which is also of logarithmic type. It will be observed that values for 
the tests conducted at three different back-pressures fall approximately 
on a straight line. In other words, this relationship is independent of 
the pressure. These values for the friction factor are, of course, appro- 
priate only for the conditions applying in the tests from which the 
data are derived. 

The graph reproduced in Fig. 7, however, should be of general 


DVS : 
application. Here values for the expression gy «are plotted against 


corresponding values of the friction factor f in the Fanning equation. 
The computed values of f again indicate a logarithmic relationship. 
From the graph of Fig. 7, it should be possible to find an appropriate value 


D; y, S, and Z, iad pera pane sta 

pressure loss. This relationship should hold t 
and oil properties differing from those used edhe 
one must necessarily know the viscosity ‘and « 
mixture used in each case. The density of the mixture ana 
computed if those of the oil and the gas and the ratio of both 
mixture were known (as in Fig. 2). The viscosity of an oil-gas 
could probably only be arrived at by experimental tests, leadin 
results comparable with those reproduced in Fig. 3; that is, an oil differ 
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Fig. 7.—VALUES OF FRICTION FACTOR IN THE FANNING EQUATION FOR DIFFERENT 
VALUES OF FLUID VISCOSITY AND DENSITY, DIAMETER OF PIPE AND FLOW VELOCITY. 


in viscosity from that used in the tests, results of which are herein 
reported, would necessarily produce a different graph for the relation 
between gas-oil ratio and viscosity, though perhaps one comparable in 
general characteristics with that reproduced in Fig. 3. Absence of such 
data suggests a line of research which, when completed, will make the 
data presented in this paper of more general application. : 
Use of the Fanning equation in computing the flow variables in this : 
way is perhaps open to criticism on the ground that the gas-oil mixtures a 
dealt with are not homogeneous fluids and that the assumptions made 
do not take slippage of gas through the oil into account. These are 
valid criticisms, but the apparent regularity in relationship of the several 
variables throughout the tests leads to the belief that they are not 


important factors in determining flow resistance under the conditions 
presented in these tests. 
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SUMMARY AND CONCLUSIONS 


While not productive of sufficient data to provide a means of com- 
puting pressure loss of flowing gas-oil mixtures under all conditions 
presented in field practice, the tests described herein at least suggest a 
method of approach in reaching a workable solution of an important 
engineering problem. Continued experimentation along the lines fol- 
lowed in this research will, it is hoped, provide a fund of data from which 
the flow resistance of gas-oil mixtures under any conditions—actual 
or assumed—may be closely estimated. 

While the data thus far assembled are inadequate to completely 
define the flow characteristics under all conditions, at least they permit 
of certain conclusions that will be of general application: 

1. The density and viscosity of gas-oil mixtures vary as logarithmic 
functions of the gas-oil ratio. 

2. Within the range of gas-oil mixtures commonly produced from 
flowing and gas-lift wells, increase in the volume ratio of gas to that of 
oil, at a given pressure, results in increased pressure loss per linear unit 
of flow through the eduction tube. 

3. Increase in pressure for a given gas-oil ratio or a given flow velocity 
is productive of decreased unit pressure loss. A given gas-oil mixture 
is therefore moved with lower unit pressure loss through the lower part 
of an eduction tube, where the pressure is high, than through the upper 
part, where the pressure is comparatively low. 

4. A critical gas-oil ratio probably exists for any set of conditions, at 
which the pressure loss in flow through tubing is a minimum; but this 
most efficient ratio is probably lower than gas-oil ratios realized in 
present-day oil-well operation. 

5. In applying the Fanning equation to the flow of gas-oil mixtures 
through -vertical pipes, the friction factor f is found to be a logarithmic 


V 
function of the expression Z 


Some Observations on Principles Involved in Flowing 
Oil Wells 


By S. F. SHaw,* Tosa, OKLA. 


(Tulsa Meeting, October, 1929) 


Tue principles involved in lifting oil in wells flowing naturally are 
identical with those underlying the flowing of wells by means of the 
air-gas lift, and information of a dependable nature obtained in the 
study of the air-lift can be applied to wells with natural flow. A well 
flowing naturally is one in which the lifting is done by means of the 
gas-lift, for which the gas is supplied entirely by the formation from 
which the oil is derived. In air-gas lift operations, there is insufficient 
gas supplied by the formation to lift the oil to the surface in an efficient 
manner, therefore additional gas for this purpose must be furnished from 
an outside source. 

There may, at times, be conditions obtaining in natural flowing wells 
different from those in wells flowed by gas-lift, but these differences 
do not at all conflict with the main principles of gas-lift work. One 
such condition is met with in wells in which the gas supplied by the for- 
mation is in considerable excess of that required to lift the oil to surface; 
this excess may be so great as to reduce the quantity of oil that can 
be lifted through the particular diameter of casing or tubing that has 
been lowered into the well. This same condition can be brought about, 
however, by supplying a large: excess of gas from an outside source to an 
artificial gas-lift well, and a study of the effects obtained from injecting 
a large excess into the well can be applied directly to handling wells 
flowing naturally which have a large excess of gas supplied by the 
underground reservoir. 


CONDITIONS FOR LIFTING OrL 


The main factors to be considered in flowing wells are as follows: 

1, Submergence, or pressure at the bettom of the tubing or casing. 

2. Lift; the height to which the liquid must be raised. 

3. Diameter of the flow tubing or casing. . 

4. Quantity of liquid to be lifted. 

5. Pressure at the discharge end of the flow tubing, or back-pressure, 
as it is sometimes called. 
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_ 6. Temperature of the liquid. 
7. Viscosity of the liquid. 


Submergence 


In air-lift work, a liquid is lifted by the energy stored in gas under 
pressure; energy that is given out because the gas expands. If the 
gas is not under pressure it can do no work, therefore at the lower end 
of the tubing it must be under a pressure greater than the pressure that 
exists at the top of the tubing. The measure of the energy is determined 
by the differences in pressure existing at the bottom and at the top of 
the tubing, and the pressure to which the gas can be compressed at the - 
lower end of the tubing is determined by the submergence. In other 
words, the greater the submergence, the greater will be the pressure under 
which the gas can exist, and the greater will be the work that can be done 
by a unit quantity of gas. The smaller the quantity of gas containing a 
given quantity of work, the less wil] be the friction loss set up by this gas 
in flowing through the tubing. We have found in practice that the 
greater the submergence, the greater is the lifting efficiency. In general, 
we might say that good work is not being done unless the percentage of 
efficiency is equal to, or greater than, the percentage of submergence. 


Lift and Diameter of Tubing 


The distance that the fluid is lifted above the existing level of the 
liquid is called the lift. The work required to lift a unit quantity of 
liquid varies directly as the lift; that is, to lift a unit quantity of liquid 
200 ft. will require the expenditure of twice the work that will be required 
to lift this unit quantity of liquid 100 feet. 

Changes in the diameter of the flow tubing will have marked effect 
on the performance of a gas-lift. In general, we may say that, other 
conditions remaining the same, increase in diameter of the tubing will 
permit a*greater quantity of liquid to be lifted. However, if there is a 
given quantity of liquid to be lifted, which cannot be varied at will, 
there is a given diameter of tubing that will make for the maxi- 
mum efficiency. 

The quantity of liquid to be lifted will determine the diameter of 
tubing to be used, and will also determine the quanitity of gas necessary 
to lift that given quantity of liquid. Where large diameters of tubing 
are required, the lifting efficiency will be greater than in wells requiring 
small diameters of tubing. 


Pressure 
In general, we may say that the lower the pressure that exists at the 


discharge end of the tubing, the greater will be the lifting efficiency 
obtained. Back-pressures are sometimes employed, and sometimes 
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beneficial results are obtained, but probabl us 
often the result. Ifa well requires that gas be admitted 
pressor in order to lift the liquid, it can almost always be 
back-pressures at the top of the tubing lower the efficiency. ee 
conditions may exist, however, in a well flowing naturally, where : 
a large excess of gas present with the oil, and where the tubing is of such © 
size that unless a back-pressure is applied at the top there will be. an 
excessive friction loss in passing through the tubing. In ‘such a 

it may be possible that a back-pressure applied at the top will reduce the 
friction loss and lower the back-pressure at the bottom of the well, 
and therefore allow a greater quantity of oil to be lifted through 
the tubing. 


Temperature and Viscosity of Liquid 


Raising the temperature of the liquid will make the oil thinner, 
thereby lowering the viscosity and consequently lowering the friction 
loss of oil passing through the tubing. Instances are known where 
the heating of the input gas has increased the quantity of liquid being 
lifted, and this without varying any of the other conditions of operation. 
It seems possible that the temperature of the oil in the pool may have a 
marked effect on the facility with which the oil will pass through the’ 
sand in reaching the well, possibly in many cases a greater effect than 
that caused by lowering of the viscosity by high pressures. 

The viscosity of the liquid being lifted appears to have a marked 
effect, although the direct application of viscosity factors to lifting 
efficiencies cannot be made at present on account of the almost complete 
lack of definite information on this subject. The writer once had occa- 
sion to lift oil of 22.5° Bé. gravity under conditions that required the 
expenditure of 2000 cu. ft. of gas per bbl.; under the same conditions of 
lift, diameter of pipe, etc., but with oil of 37.5° Bé, gravity, there was 
required 1100 cu. ft. per bbl. So far as the writer was able to ascertain, 
this great difference in consumption of gas was caused by the difference 
in viscosity of the oils being lifted. 

It may be said in general that, with other conditions remaining 
unchanged, the quantity of liquid being lifted will vary directly as 
some function of the submergence and of the diameter of the tubing; and 


will vary inversely as some function of the lift, of the discharge pressure, 
and of the viscosity of oil. 


( 


SIGNIFICANT Points oF PropucTION 


In all lifting operations, there are four significant points of production 


that can be obtained in a tubing of given design, whether that design be 
efficient or not, as follows: 
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1. Point of no flow caused by deficiency of gas. This is the point 


_ where the amount of gas passing through the tubing is just insufficient 


to lift liquid, but where, if any more gas be added, a flow will start. In 
a tapered tubing, 1000 ft. long, 7 in. dia. at the bottom and 10 in. at 
the top, it was found that 1000 cu. ft. of air per minute would not lift 
any liquid, but when the air was increased beyond this quantity the flow 
of water would start in small quantity. 

2. Point of maximum efficiency. This point for any given tubing 
design is the point which gives the maximum lifting efficiency for any 
given set of conditions. 

3. Point of maximum capacity. For any given set of conditions, there 
is a definite maximum capacity which it is impossible to exceed. 

4. Point of no flow caused by excess of gas. In any given tubing 
design it is possible to admit so much gas that there will be no flow of 
liquid. In other words, the friction loss of this excessive quantity of 
gas passing through the tubing is equal to the submergence pressure. 


ContTROL oF Gas-oIL RATIO 


In a flowing well, the gas-lift factor, or cubic feet of gas required to 
lift a barrel of oil, is identical with the gas-oil ratio. In artificial gas-lift 
operations, the gas-oil ratio is the difference between the gas-lift factor 
and the gas-input factor. The gas-oil ratio may be altered considerably 
by the quantity of input gas admitted to the well, or, in other words, 
by the manner in which the well is operated. The gas-oil ratio in 
artificial gas-lift operations may be controlled within certain limits by 
any one or more of the following operations: 

. Changing the submergence. 

Changing the lift. 

Changing the diameter or design of the flow tubing. 
Changing the quantity being lifted. 

. Changing the temperature. 

. Changing the pressure at the discharge. 

In gas-lift operations it is possible to make changes in any or possibly 
all of these factors. The most important change lying within the 
control of the engineer is that of tubing design. In wells flowing 
naturally, with a given tubing design, change can be made in sub- 
mergence, in the lift, and in the quantity of liquid being lifted, by use 
of beans or flow nipples. Changes of tubing design can sometimes be 
made in wells flowing naturally, though in many cases this change is 
attended with considerable difficulty, and unless the engineer is prac- 
tically certain that he knows just what change of tubing will be beneficial, 
he is reluctant to make any change at all. 

Considerable care should be taken to insure correct measurements of 
gas. Often the flowing of wells under back-pressure causes considerable 
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gas to be corel ae ess in o 
to the receiving tanks, and as this gas i 
ratios may result. Much care should be exercised to i 
of gas measurement that shall be similar, or according ' 
ards, else comparisons of gas-oil ratios are likely to be 
perhaps contradictory. , 

A careful study of the various factors involved is necessary o 
the engineer can handle artificial gas-lift operations with any degree 
success. This study will be of the greatest benefit when he stiernenss 
handle wells flowing naturally. vig 


DISCUSSION 


E. H. Griswoup,* Ponca City, Okla—Mr. Shaw has given a good review of the 
gas-lift principles of flowing wells. One point in which I was particularly interested 
was the note on the difference in the rate of flow effected by the viscosity of the oil. 

In measuring gas-oil ratios, it has been our custom in the experiments which were 
started a few years ago, to apply a minimum constant back-pressure on the separator 
and vary the pressure on the well by means of chokes or gates. By this means, our 
measurements were kept accurate, as there was no danger of varying amounts of 
gas being dissolved in the oil and passing out through the trap dump valve. 

Our experience coincides with that of Mr. Shaw—it may be possible that back- 
pressure at the top of the well may reduce the pressure applied to the formation at 
the bottom. The only explanation I can give for this phenomenon is the condensation 
of vapors because of the added back-pressure, and therefore a decrease in the pressure 
loss due to velocity and frictional effects. 

T would take issue with Mr. Shaw’s paper in regard to his comments regarding the 
Wilcox sand production in Seminole. We have found that in some Wilcox sand 
wells in the Seminole area the best results are obtained with the minimum pressure 
in the bottom of the well, but in many cases we found that an increased back-pres- 
sure in the bottom of the well not only decreased gas-oil ratios but actually 
increased production. 

Another point worthy of mention is that when tubing is run in a natural flowing 
well, it is often spoken of as being used to restrict the flow. Often the exact reverse 
effect is obtained; 7. e., the installation of tubing in many flowing wells decreases the 
effective back-pressure at the bottom. If this were not true some other explanation 
must be found for the many wells that will flow naturally through tubing but will 


not flow through the casing. ia 
Regarding the matter of gas-lifting efficiency in a flowing well, we feel that three : 
other conditions supersede lifting efficiency in importance—production from the sand | 


into the well, minimum gas-oil ratio and operating costs. We endeavor to adjust 
the pressure in the bottom of the well to satisfy the first two conditions and gas-lift 
the well in such a manner that the desired pressure is obtained in the bottom of the 
hole at a reasonable operating cost. In other words, we concentrate our efforts on 
the flow into the well, rather than the flow from the bottom of the well to the top. 


J. R. McWiuuraMs,} Tulsa, Okla.—Applying back-pressure at the top of a flow 
string may under certain conditions cause a decrease in pressure at the bottom of the 
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flow: ‘string with an increase in oil production; however, I do not attribute the increase 
2 in: oil production to the small decrease in bottom-hole pressure but rather to the fact 
that the back-pressure applied at the top causes a decrease in the velocity of the gas 
_ in the upper portion of the flow string. In other words, for each size of flow string 


there i is a maximum velocity which should not be exceeded if maximum oil is produced 
through it. If this excessive velocity is present in the top of a flow string, back- 
pressure can be applied to reduce it. 


W. P. Haseman,* Oklahoma City, Okla—tThe effective size of the gas bubbles 
in the flow stream is a factor which affects the efficiency of the flow and therefore 
the lift. The primary function of the gas is to aerate the liquid column while the 
fluid pressure lifts the liquid. The flow should be more efficient if the parts of the 
stream move together as a homogeneous fluid. A condition may exist where the gas 
is flowing up through the center and the oil up along the sides of the tubing. 

The buoyant force on a submerged bubble is proportional to the volume, while 
the viscous drag is proportional to the surface of the bubble. When you put “back- 
pressure’’ on a well you decrease the buoyant force faster than the viscous dragging 

effect. The gas-oil ratio would therefore be decreased. An increasing “back- 
pressure’’ will continue to decrease the size of the gas bubbles and also decrease the 
velocity of the fluid stream. A certain critical velocity for the fluid column would 
soon be reached where the gas bubbles again move faster than the liquid and the 
gas-oil ratio increases. 


I. I. Garpzscvu, } Pittsburgh, Pa.—Gas bubbles in motion do not remain spherical. 
Their shape becomes ellipsoidal, with the long axis alternately being oriented hori- 
zontally and vertically, The bubbles vibrate around their spherical position of 
equilibrium. F. T. Trouton, in a report presented at a meeting of the British Associa~- 
tion for the Advancement in Science, in 1892, shows that the velocity of ascending 
bubbles in a vertical column of liquid is a periodical function of the size of the bubble. 
The variation in velocity due to the vibration of the bubbles might cause some slipping 
of the gas bubbles with regard to oil. Also, the velocity of ascending gas bubbles, 
being a periodic function of their size, calls for a finer adjustment of the pressure 
in the flow pipe, which would affect the size of the gas bubbles and possibly give a 
more efficient and desirable rate of ascent. 
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Classification of rahe ing Wells with Respect to Velocity 


By F. P. Dononusr,* Fort Worrs, Texas 


(Tulsa Meeting, October, 1929) 


Tux observations and data presented in this paper are the result of 
extensive study of flowing wells, most of which were in the Maracaibo 
Lake Basin of Venezuela. The Lago Petroleum Corpn. had extensive 
production in this area, gas-oil ratios were low, and the problem was to 
determine whether by careful handling of the wells with respect to flowing 
conditions and by conserving the gas, the oil production of the wells 
could be maintained by natural flow until it had declined to a rate which 
could be handled with an ordinary working barrel, thereby avoiding the 
high cost of gas-lift equipment installation in the lake bed. The problem 
was complicated by the nature of the wells themselves. Production is 
from soft, comparatively unconsolidated sands, necessitating screen pipe 
in all wells. It was not only necessary to keep the wells flowing but to 
keep them flowing without heading, as the release of pressure upon 
making a head brought large quantities of sand into the wells, sanding 
them up or possibly cutting out the screen pipe. In furtherance of the 
plan of keeping wells flowing as long as possible, each well was equipped 
with a casinghead and tubinghead recording pressure gage, and an oil 
and gas separator set. About one-half of the wells were equipped with 
gas meters. All wells were tubed before bringing into production. 
Frequently individual gages were taken on each well. A large scale 
chart was plotted for each well, showing daily oil production, gas produc- 
tion, gas-oil ratio, tubinghead pressure and casinghead pressure. Any 


deviation from the normal was immediately checked and the condition 
remedied if possible. 


THEORY OF FLOWING WELLS 


Based upon considerable study of these records, it is believed that the 
flow of a well actuated by gas is mainly a problem in velocity, a certain 
minimum velocity in the flow string being necessary for the gas to carry 
the oil. If this minimum velocity is not obtained the oil drops back and 
the well heads or goes dead. The point of minimum velocity is of course 
at the bottom of the tubing, where the gas is under the highest pressure 
and therefore occupies the least volume. 

Some years ago when the success of the gas-lift at Seminole was so 
pronounced, there was considerable broadcasting of the statement that 
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a well had three stages of life—the flowing stage, the gas-lift stage and 
the pumping stage. The theory of the gas-lift stage was based upon the 


fact that natural flow was usually followed by a heading period, this 


heading being supposed to be due to decline of pressure in the reservoir, 
or decline in the gas-oil ratio, or other causes. However, gas-oil ratios 
usually increase with the life of the well up to a certain point. The fact 
seems to have been almost completely overlooked that as a well declined 
in production, even with an increase of the gas-oil ratio, there was a 
decline of total volume of oil and gas which diminished the velocity in 


the flow string and that the velocity might be correlated with the well’s. 


flowing life. 

The Amerada Petroleum Corpn. had a flowing well in Central Texas, 
upon which it was decided to experiment. The well had been completed 
with 53{¢-in. casing with an initial production of 500 bbl. per day. 
It declined to about 300 bbl., started heading and died. According to 
the old theory it now needed artificial help to flow. However, it was 
decided to try out the velocity theory. Upon running a string of 3-in. 
tubing and giving one pull of the swab to lighten the fluid load, the well 
resumed steady flow. When the velocity at the bottom of the 3-in. 
tubing approximated 5 ft. per sec. heading again occurred and the well 
died. Two and one-half inch tubing was then run and the well flowed 
again until the velocity approached 5 ft. per sec. Then 2-in. tubing and 
later 1.5-in. were run, the well finally dying in the 1.5-in. at 60 bbl. per 
day, which had a minimum velocity of about 5 ft. per sec. Since then 
1-in. tubing has been used in Venezuela, the well flowing quite steadily 
at 15 bbl. per day. 

Further experimentation upon flowing wells has made it apparent 
that velocity at the bottom of the flow string is the main controlling 
factor in the flow of oil wells flowing by gas. This velocity varies with 
the viscosity and the other characteristics of the oil—in one Venezuelan 
heavy-oil field the velocity is only 1.5 ft. per sec. In other fields where 
the oil is considerably less viscous, the minimum velocity is between 4 
and 5 ft. per sec. Repeatedly it has been found that wells showing a 
tendency to head were at this critical velocity and that by enlarging the 
choke, thereby permitting the gas to expand, occupying greater volume 
and increasing the velocity, the heading disappeared. On the other 
hand, it has been found that wells which flowed steadily began to head 
as soon as choked to that point where the flowing velocity approached 
the minimum critical velocity of 5 ft. per second. 


PuLsAlING WELLS 


We were trying to do two things with the wells in Venezuela. First, 
it was desired to keep the wells flowing until production declined to a 
rate that could be handled with a pump and the installation of gas-lift 


ees Se ee ee oe a 


ee ee 


228 CLASSIFICATION OF FLOWING WELLS WITH RESPECT TO” 


; esi 7x aii 6 , 
equipment avoided. Second, it was necessary to keep the wells flow: 3 


without heading to avoid injuring the wells by pulling in excessive sand. : 


The first type of well investigated was what was termed a pulsating or — 
surging well. (Fig. 1.) In these wells the casinghead pressure was con- — 
stant but the tubinghead pressure fluctuated in short interval. This was 
due to separation of oil and gas within the flow string, the oil building up 
the tubinghead pressure as it went through in slugs. As the casinghead 
pressure, the indicator of pressure on the face of the sand, was regular, 
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Fie. 1—TypicaL SURGING WELL. 
Note 50-lb. surge at tubinghead with almost steady casinghead pressure. This 
well is very close to passing over into heading stage as shown in Fig. 3. 


these wells were allowed to go on in this fashion as no harm was being 
done by the separation in the tubing. 


WELLS WITH ExcrEssiIvE TUBING VELOCITIES 


The next type of well encountered was that which while flowing 
practically steadily made four or five heads during the 24-hr. period 
superimposed upon the steady flow. Investigation showed that the oil 
in these wells was very viscous, and that tubing velocities ran as high as 
20 ft. per sec., excessive for wells of this viscosity. What was occurring 
was that due to the size of tubing used, 2.5 in., there was insufficient 
venting area for such a viscous oil. (Fig. 2.) Pressure accumulated in 
the casing behind the tubing, cutting down production due to increased 
back-pressure, until that pressure became so great as to clean the tubing. 
This accounts for the four or five heads imposed on the steady flow. 

Since excessive velocity was evidently the cause, an attempt was 
made to turn the flow through the annular space between the tubing and 
the casing. This space, 8144 by 8 in., was too great, however, and 
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4 the wells would not flow. They were therefore turned back through the 
tubing and sufficient gas bled off through the casinghead to reduce the 


velocity through the tubing. The wells thereupon stopped these heads. 
Some of the wells, however, made some oil through the casing, and as this 
was undesirable the casingheads on these wells were shut in and the wells 
allowed to continue heading. As soon as these wells had declined in 
production to such a point that their flow velocities approached normal, 
they also stopped heading and flowed normally. 
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Fia. 2.—ILLUSTRATING CONDITIONS CAUSED BY USING TUBING TOO SMALL FOR OUTPUT 
OF WELL. 


Pressure builds up in casing and escapes in heads through tubing. 


WEeELLs witH SuiTaBLeE TuBinG VELocITIEs, BUT OuT oF TIME 


The third type of well, and the ones needing the most careful handling, 
were the wells which were characterized as being ‘‘out of time.” These 
wells had sufficient gas to give them a good flowing velocity, but, for a 
reason not immediately apparent at the time, would surge or head. The 
cause was finally traced to the effect of the large volume chamber between 
the tubing and the casing. Something in the well or at the tubinghead 
would get this volume of gas to pulsating widely. This produced a 
surging effect in the flow string, and when it became wide enough, got 
the well to heading badly. It was found that by pulling the tubing and 
running a packer, thereby eliminating the volume chamber, the wells 
went back to steady flow. However, this was considerable trouble, and 
an easier method was sought. 

Once the column of gas got surging back of the tubing, the condition 
kept getting worse and worse, eventually causing the well to head, and 
perhaps to cease flowing altogether. During the head, gas escaped from 
behind the tubing into the flow string in large quantities, thereby reducing 
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until the pressure had built up sufficiently behind the tubing to kick 
over another head (Fig. 3). The older and smaller the well, the greater — 
the time required to fill the annular space, and the greater the time 
between heads. wo 
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Fia. 3.—WE LL Gerrina ‘OUT OF TIME” BY GAS OCCASIONALLY GETTING INTO TUBING 
FROM BEHIND TUBING, 


It was reasoned that if the gas could be kept from escaping from 
behind the tubing on surges or heads, the wells would steady down again. 
Bottom-hole chokes were suggested, but were discarded because of the 
difficulty of adjustment. Adjustable chokes for the Christmas tree 
were found to be successful. When a well got ‘‘out of time,” as indicated 
by a surging or heading condition while there was still ample gas for 
velocity for steady flow, an adjustable choke was placed in the Christmas 
tree. A production foreman then waited for a head, as indicated by the 
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tubinghead pressure rising and the casinghead pressure falling. He 
then choked the well until the casinghead pressure ceased to decline, 
but not enough to kill the well. This prevented the escape of gas from 
the annular space, and reduced the well to steady flow, though at a low. 
rate, due to the choke. The choke was then opened very gradually, 
care being taken not to allow the gas to escape from behind the tubing, 
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Fic. 4.—W28LL HEADING DUE TO INSUFFICIENT VOLUME OF OIL AND GAS TO GIVE 
REQUIRED MINIMUM VELOCITY. 


until the well was at its former production rate on steady flow, the surging 
and heading with its pulling in of sand having been eliminated. 


WELLS WI1H INSUFFICIENT VELOCITY IN 1HE FLow STRING 


The final type of flowing well was the familiar one where the produc- 
tion of oil and gas had decreased to such an extent that the total volume 
of oil and gas was insufficient to give the necessary minimum velocity. 
(Fig. 4). Such wells could be brought back to steady flow by the intro- 
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duction of extra gas or air, or by running a deunitow lene) | 
described on page 227. Thistype of wellis too well known through as- 

literature to need further description. By careful handling of wells ir ¢ 
Maracaibo district along the lines outlined in this paper as regards 
velocity of flow, and by conservation of gas through proper back-pressure, 
it was possible to keep wells from arriving at this stage until they had — 
reached a production of approximately 150 bbl., thereby going direct — . 
from this stage of steady flow to the pumping stage without the inter- 
vention of the gas-air-lift stage. 


CONCLUSIONS 


Based upon the above classification of flowing wells, the writer would 
put forth the following conclusions. They apply to wells flowing by 
gas and not by hydrostatic pressure. Wells in such fields as the Seminole, 
where there is neither hydrostatic pressure nor sufficient gas to ae the 
oil, are also excluded. 

1. That flow velocity furnishes a convenient and accurate index for 
estimating the flowing potentialities of a well. 

2. That unless a certain minimum velocity, depending upon viscosity 
and other factors, is attained, a well will not flow even though it has 
a volume of gas available mechanically sufficient to lift the fluid. 

3. That by attention to flow velocities and conservation of gas, the 
natural flowing life of wells can be prolonged over to the pumping 
stage without an intervening air-gas-lift period. 


DISCUSSION 


C. V. Mini an, * Tulsa, Okla.—Mr. Donohue has used the pressure recorded at 
the casinghead as the bottom-hole pressure. Care must be used in assuming that 
the bottom-hole pressure is the same as the casinghead pressure, as a column of fluid 
may extend above the bottom of the tubing, between the tubing and casing, causing 
the pressure at the casinghead to be less than the pressure at the bottom of the tubing. 
An example existed in a well in the Seminole field, which had 85¢-in. casing, 65¢-in. 
casing and 2-in. tubing without packer. The 65¢-in. was perforated at the bottom 
of the 85¢-in. casing at approximately 4,000 ft., and the tubing extended a few feet 
below the perforations. While flowing vee the tubing against 12 lb. pressure, the 
pressure between the tubing and the 65¢-in. casing was 60 lb., and between the 654 
and 85¢-in. casing was 450 lb. The pressure between the chine and the 65¢-in. 
casing could be released without changing the pressure between 65, and 85¢-in. or 
changing the rate of production. 


* Petroleum Engineer, Amerada Petroleum Corpn. 


Mid-Continent Practices in Handling Flowing Wells 


By Rew W. Bonp,* D. L. Trax,t C. D, Warsont anp Moraan WALKER,§ 
Tusa, OKLA. 


(Tulsa Meeting, October, 1929) 


Common practice in the Mid-Continent until recently was to prolong 
the natural flow of oil wells as long as possible by agitation, and then 
swab for a short period until the well was put on the pump. Compara- 
tively recently the gas-lift has superseded the swabbing and agitating 
period and in some cases encroached on the natural flowing life, particu- 
larly where it was evident that the potential oil capacity of the well was 
greater than the gas supply, or lifting medium. 

The majority of wells are finished with either 614, 65¢ or 814-in. 
casing and connected to a separator through a flow line which is usually 
65¢ in. The flow line is generally designed to eliminate sharp turns and 
has reduced the gas-oil ratio and therefore increased the efficiency in a 
good many instances. Until recently all wells were allowed to flow 
without restriction against the possible trap pressure until it was deemed 
advisable to put them on gas-lift. This resulted in a fairly efficient flow 
during the early life of the well if the well was rather large but was usually 
inefficient in small wells and in the later flowing life of large wells, on 
account of the large area in the casing and therefore excessive slippage. 

Recently, considerable effort has been made to increase the efficiency 
of small flowing wells by running tubing to eliminate as much slippage 
as possible. With large wells there is a considerable trend toward back- 
pressuring, or beaning to find out whether it is possible to reduce the 
gas-oil ratios and increase the flowing life. 

The greater number of fields that have been back-pressured have been 
produced in that manner through necessity, either to restrict production 
for proration purposes or, in fields producing by hydraulic pressure, to 
reduce water encroaching. The recent Cromwell sand development in 
Little River is an example where both back-pressuring by means of high- 
pressure traps and beans and flowing through tubing were used to con- 
serve gas, reduce the high gas-oil ratio and prolong the flowing life. It 


* Production Engineer, Shell Petroleum Corpn. 

+ Chief Engineer, Gypsy Oil Co. 

t Chief Engineer, Carter Oil Co. 

§ Production Engineer, Amerada Petroleum Corpn. 
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was notable in this case that the best results were obtained by h 
back-pressure by means of high-pressure traps. Flowing throu 2 
tubing did not greatly reduce the gas-oil ratio in most instances, even — 
though the volume of oil was small, which can probably be accounted 
for by the large gas volume and excessive friction in the small tubing. — 
There have been several instances of producing wells through tubing 
with the bean at the bottom, which the authors believe have been | 
fairly successful. 

While both back-pressure and tubing methods have been employed 
in California for some time, there has been little interest in this work in 
the Mid-Continent until recently, probably due primarily to the differ- 
ence in the producing horizons. The thick, soft, high-pressure sands 
in California were better adapted for these measures than the thin, hard 
and comparatively low-pressure Mid-Continent sands. In fact, in 
California it is often necessary to produce through a bean in order to 
avoid sanding up. 


GaAs-LIFT PERIOD 


The wells usually are put on the gas-lift as soon as it is possible 
to. run tubing into them. Sometimes the wells are allowed to flow natu- 
rally until they are heading or dead, depending on gas-oil ratios, sand 
characteristics, etc., but for competitive reasons most wells have been put . 
on the lift as soon as possible in hope of increasing the production. Often 
this has been accomplished and resulted in increased production as well 
as increased efficiency, as more oil was produced with practically the ‘ 
same amount of formation gas. Usually the wells are cased with 65¢-in. 
casing as an oil string and tubed with 2!9-in. tubing. The flow is up 
through the annular space between the tubing and the casing and the 
gas is supplied through the tubing. Some wells use 2-in. tubing, and a 
few have been finished with 8!4-in. casing and tubed with 3-in. tubing. 
Recently a number of companies have installed combination hook-ups, so 
that the wells can be flowed up through either the casing or the kee 
This calls for larger tubing, generally 3 or 4 in. and the flush production i 
produced through the annular space between the tubing and casing 
When the well declines the flow is reversed and better flowing Gaeane 
is usually obtained. 

When gas-lift work was first started in the Mid-Continent field 
everybody strove to obtain a steady flow. Within the last year or so the 
intermittent method has steadily gained favor, using either an electrical or 
a mechanical timing device to switch the discharge of anentire compressor 
station from well to well at intervals determined by experiment. There 
has been considerable saving in injected gas in most cases and in some 
instances an appreciable increase in production. Possibly the saving in 
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a gas was due to the ‘use of large volumes for short periods of time which 
_ resulted in increased velocity at the bottom of the hole, where slippage is 
the greatest, and therefore increased efficiency. 


The average calculated velocity at the bottom of the hole, in cases 


of which we have record using straight flow, is about 9 ft. per second, 
' which obviously is too low for the best efficiency. The accepted tubing 


and casing practice leaves such.a large annular area at the bottom of the 
hole that it can be efficient only in very large wells. Theoretically 
the tapered flow string should give much better efficiencies than can 
be obtained in the accepted gas-lift practice, but for several practical 
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Fiq. 1.—AVERAGE oF 21 SEMINOLE GAS-LIFT WELLS WITH 654-IN. CASING AND 214-IN. 
TUBING. 


reasons it has proved more economical to disregard this method of obtain- 
ing efficiency. Scaling and corrosion in tapered strings has caused partial 
and total plugging of the string, the scale wedging in the swedged nipples 
and causing decreased production. The size of the tapered string is 
limited by the casing and in large wells more oil can be produced through 
the annular area than through the tapered tubing; even though the opera- 
tion is less efficient, it is generally more profitable, particularly when the 
field is highly competitive. Also, where the decline is rapid the design and 
size of the tapered strings have to be changed frequently, which is not 
desirable in highly competitive fields. 
Fig. 1 shows the over-all efficiency plotted against the production 
of numerous wells with 65 in. casing and 214 in. tubing on continuous 
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g = specific gravity of fluid a 
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at top plus 14.7 Ib., plus weight of gas, minus friction (friction 
computed by Olinhant formula) 
P» = absolute trap pressure. 
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Fig, 2.—AvERAGE oF 50 SEMINOLE GAS-LIFT WELLS DURING VARIOUS PERIODS. 


Efficiency curves were plotted for combinations other than the 
65¢ and 21% in. and the same general trends were observed, but there was 
such wide divergence and irregularity due to variations in other factors 
that only general conclusions could be drawn. Most of the wells used in 
these computations produced little or no water. 

Fig. 2 shows the absolute gas-oil ratio at the bottom of the tub- 
ing at the prevailing pressure plotted against the annular flow area in 
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_ square inches divided by the barrels of fluid per day. The data are com- 
posites of figures on a number of wells on straight flow through the annular 

_ space beyond the casing and tubing and include 65¢ and 2 in.; 65g and 
; 2% in.; 8 and 534¢ in.; 8 and 3 in. and 53g and 2-in. combinations. All 
_ of the wells were about 4200 ft. deep. The 65¢ and 2-in. combination has 
a slightly higher average working pressure than the 65¢ and 214 in. anda 
slightly lower absolute gas-oil ratio, especially for the larger wells. For 
the smaller wells, say less than 400 bbl., the trend appears to be slightly 
in favor of the 65g and 214 in. Considering the average over the entire 
flowing life, for wells under consideration, the 214-in. tubing seems to have 
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Fig. 3.—AVERAGE oF 30 SEMINOLE GAS-LIFT WELLS WITH 65é-IN. CASING AND 2-IN. 
TUBING. 


a slightly higher gas-oil ratio than the 2-in. tubing. It isnoted that for the 
65¢ and 214-in. combination the average total volume of gas in thousands 
of cubic feet metered at the trap is approximated to be 10 times the work- 
ing pressure. ‘This is especially true for the larger wells. 

Data were available on a considerably smaller number of wells 
having other sizes, and the average results could easily be changed by 
additional data. The data for the 53/6 and 2-in. combination in general 
showed a decrease in over-all efficiency and an increase in gross gas-oil 
ratio over the 65 and 2 or 2!4-in. combinations. Most of the wells cased 
with 53(¢ in. happened to be larger wells and the happy medium between 
minimum slippage and minimum friction seems to have been passed, the 
increase in friction having more than balanced the decrease in slippage. 
The comparatively few cases of 8}4 and 3 in. seem to fall in line with 
about the same absolute gas-oil ratio; but due to reduced pressure drop 
through the 3 in., there appears to be a little higher over-all efficiency. 
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The 814 and 53{¢-in. casing (flowing th 
justified only in special instances. y . 

In all cases the velocity, in feet per second at the 
for any given point on the curve isequalto ure 


3 abs. gas fluid ratio _ beste 
600 x sq. inches area per barrel of fluid ee A Ba Apes , 


A straight line at 45° through the points on this curve would ‘indica 
a constant velocity for all sizes of wells for a given flow area. 
Fig. 3 shows the average working pressure, total gas, and gas-oil ratio, 
: plotted against average daily production for approximately 100 wells 
in the Seminole area having 65¢-in. casing, 214-in. tubing with anaverage 
depth of 4250 ft. Here again a divergence of as much as 100 per cent. 
was found. 
Due to the numerous variable factors involved and the fopaeat 
number of the various sizes of flow-string combinations compared, no 
definite conclusions should be drawn at this time, although the work to 
date shows definite trends which with additional data over a longer 
period of time should prove valuable in the study of natural flow and 
gas-lift operations. ? 
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DISCUSSION 


J. R. MeWilliams,* Tulsa, Okla.—Our conclusions concerning Seminole flowing 
wells agree fairly well with those in this paper. However, we had one case that 
might appear contradictory. A well was completed with 814-in. casing on the Viola 
lime. Instead of running 24 or 3-in. tubing for gas-lift purposes, we ran 537¢ in. 
casing and perforated it near the bottom. Gas was introduced into the annular 
space between the two strings of casing and the well produced through the 53/¢ in. | 
The well produced very satisfactorily, judging from the way it had swabbed and 
comparing it with offset wells equipped with 534 ¢-in. casing and 2-in. tubing. 

When the well had declined to around 480 bbl., it was decided to try intermittent I 
flow, and believing the annular space between the 814 and 534 ¢ in. would provide too 
large a reservoir detrimental to intermittent flow, we ran a string of 2 in. tubing in 
order to introduce the gas. The oil production dropped from 480 to 250 bbl. when 
the well flowed between the 534 ¢-in. casing and 2-in. tubing. We were unable to 
increase the oil production by changing the intermittent conditions. We also tried 
steady flow with like results although different volumes of gas were introduced. In 
the course of a few weeks, the tubing was pulled and the gas again introduced between 
the 814 in. and 534¢ in. with the result that production went back to 480 bbl. and we 
had some gages around 570 bb]. Another interesting fact was that the pressure on 
the 2 in. tubing under steady flowing conditions was 220 lb., while the pressure was 
150 lb. when the gas was introduced between the 814 in. and 534g inch. 


* Petroleum Engineer, Skelly Oil Co. 
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Repressuring in the Selover Zone at Seal Beach and the Effect 
of Proration* he A 


By A. H. Bett ¢ anp E. W. Wess,{ Los Ancetzs, Catir. 


(Los Angeles Meeting, October, 1929) 


REPRESSURING, or gas drive, was first tried in the Seal Beach oil 
field during the fall of 1927, and was carried on until the spring of 1928. 
This experiment in the Upper or Bixby zone was highly successful in 
proving the feasibility of compressing gas to high pressures and also ~ 
showed great increases in production. The project was discontinued 
because there were not enough wells to protect the property lines. 
In the development of the second or Selover zone, many more wells were 
drilled and after 214 years of production the gas was depleted so that all 
producing wells in the zone were either pumping or on gas-lift. Edge- 
water encroachment and the deepening of wells on neighboring properties 
to a third zone practically isolated the lease, so that during the spring of 
1929 it was considered feasible to repressure the Selover zone on the 
Bixby lease of the Continental Oil Co. (Marland). 

As shown on Fig. 1, the main Seal Beach structure is an elongated 
dome with a northwest-southeast trend, and the north flank is cut by a 
fault nearly parallel to the axis of the structure. Bixby well No. 24 was 
chosen-for the injection well on account of its location, asitis backed up 
by the fault and is surrounded by wells that protect the property lines. | 
The results of the test made in the Bixby zone indicated that an injection | 
well on the flanks of the structure would drive oil quickly to up-structure . 
wells but would have a tendency to cause by-passing, while the drive to | 
down-structure wells would be slower but more evenly distributed. 4 
Preferably the injection well would have been located on top of the dome 
but property divisions made this inadvisable. Well 24 had been com- 
pleted in November, 1928, but on account of gas depletion the well failed 
to flow naturally. On gas-lift the well had an initial production of 1000 
bbl. of oil with 30 per cent. emulsion. This well is 4825 ft. deep, penetrat- 
ing 200 ft. of oil-bearing formation. At the time the well was prepared 


* Published by permission of the Continental Oil Co. 
} Production Engineer, Continental Oil Co. 
{ Production Foreman, Continental Oil Co. 
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for gas injection, the static fluid level was mieasured and found to be 1350 


ft. from the surface. By calculating the weight of the column of fluid 
in the hole, an idea was gained as to the approximate pressure necessary 
to force gas into the sand. A packer was set at 4445 ft. on 214-in. upset 
tubing, with 150 ft. of tubing below the packer, and the space between the 
casing and tubing was filled with water and closed in. Injection of gas 
was started Feb. 10, 1929, at a pressure of 1160 lb. per square inch. 
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Fic. 1—MAtn porTION OF SEAL BEACH OIL FIELD. 


Metruop or Gas INJECTION 


The repressuring work is carried on in connection with gas-lift opera- 
tions, so that the volume of gas injected varies, being the surplus after 
gas-lift requirements are satisfied. The compressor installation is a 
central plant with nine 170-hp. Cooper direct-connected gas engine 
compressors. The gas is compressed in two stages from 27 to 550 lb. 
per sq. in. for the gas-lift operations, and the surplus is further compressed 
in one stage to 1200 to 1400 Ib., by one of the engines, which is fitted with 
cylinders of 414-in. dia. The volume injected daily has varied from 
1,000,000 to 2,500,000 cubic feet. 

The difficulties in operating this high-pressure unit have been sur- 
prisingly few. The chief source of trouble was from piston rings, which 
lasted only 9 days. The short life was due to condensates, which cut 
the lubricating oil, and by increasing the scrubber facilities the average 
life of the rings was lengthened to 29 days. Even this was not altogether 
satisfactory and a set of piston rings made of softer material was tried; 
namely, Kelly metal. At the end of five months of continuous operation 
these rings were still in good condition. 

The chief field difficulty was from freezing in the line. The hot gases 
carried through a 2-in. line about 1400 ft. to the well. No appreciable 
friction loss was encountered but a slight expansion of the gas through 
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at this point, which caused shutdowns ae par anee seat: h 
out the line under the high pressure. This was remedied by 
electric heating units with thermostatic controls around each side of the 
check valve, insulating the heating units and pipe with asbestos covering. — 
E eee | 

INCREASE IN PRODUCTION : 

The injection pressure continued constant at 1160 Ib. for several 
weeks, although the surrounding well pressures started to rise withina 
few days. The injection pressures later rose gradually to 1250 Ib., 
indicating retention of some of the gas in the sand. 

Fig. 2 shows graphically the results reduced to the average per well 

for seven wells. Two wells, Bixby 12 and 13, down structure from the 
injection well, had been operated by gas-lift for about 20 months, but 
after injection both wells started to flow intermittently without gas- 
lift, and Bixby 25, up structure, also started to flow without gas-lift. 
Two wells that were completed after repressuring began, and which 
produced large quantities of oil on account of the repressuring, are not 
included in the averages on Fig. 2.. The first of these wells, Bixby 26, 
adjacent to the injection well up structure, was completed March 27, 
1929, and came in flowing at the rate of 1000 bbl. daily with 870,000 cu. 
ft. of gas. The gas output doubled in July and the well was beaned back 
to 750 lb. tubing pressure, but still produced 1,800,000 cu. ft. of gas; it * 
was shut in on July 19, 1929. After this well was shut in, the next well up 
structure, No. 25, increased its flow 220 bbl. daily. Bixby 14 was com- 
pleted as a skimmer in the upper portion of the Selover sand on Aug. 29, 
1929, although adjacent well Bixby 5 had been abandoned in the same 
zone several months before because of water encroachment. Bixby 14 
came on production flowing naturally and made over 2000 bbl. of clean oil 
daily with 1,800,000 cu. ft. of gas. The performance of this well could 
only be credited to the pressures built up from the repressuring project. 

The average production per well showed a definite downward trend 

prior to Feb. 10, 1929, and a sharp upward turn after repressuring started. 
The formation gas increased and casing pressures rose. During March, 
repressuring was stopped for 5 days and the sharp drop in production to 
the original trend is noticeable. During the latter part of March, the 
increases in casing pressures made it necessary to raise the tubing in some 
of the wells in order to handle them on gas-lift with the pres- 
sures available. 

In April, the wells were all beaned back sharply on account of prora- 
tion orders. The oil production dropped under the beaning in greater 
proportion than the formation gas, and the circulated gas-oil ratios 
increased sharply. The partial restriction of the formation gas caused a 
building up of sand pressures, and although the beans were not enlarged 
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the production gradually increased it apy 
The wells continued to produce gross fluid at 
encroachment, which had started in some of the 
before repressuring started, caused decline in net oil prodt 
Fig. 3 shows the average net clean oil per well plotted 
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Fia. 3.—CUMULATIVE PRODUCTION, BIXBY WELLS, SELOVER SAND. 


of the earlier wells and a more normal decline set in. This decline had a 
definite downward trend, which was interrupted in February with only 
a partial month of repressuring. The rapid drop of April, due to prora- 
tion, was again reversed in June, July and August. During September 
these wells were all shut in but repressuring was continued. 

A comparison of gasoline content of the gas produced from the 
various wells indicated that most of the wells showed increases between 
January and July, in spite of the fact that the proportion of formation 
gas to circulated gas was much higher in January, as shown on Fig. 2. 
There seems to be no explanation for the increase in gasoline content, 
unless it is due to agitation in the sand from the extraneous gas. 


‘ 
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The most notable result of this project has been the tendency of the 
gas to short-cut to wells up structure while wells down structure have had 
large production increases without increases in formation gas-oil ratios. 
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A study of the results on all of the wells indicates that the ideal loca- 
tion for an injection well would be the top of the dome so that the gas 
driving down on the top of the fluid in the reservoir would have less 
tendency to break through. Also, by supplying gas from the top to 
replace the oil taken out by flank wells, water encroachment could be 
practically eliminated if the input and output were properly regulated. 

It is evident, from the results after beaning the wells when proration 
was put into effect, that in similar structures depleted wells can be made 
to flow again if the gas is injected in sufficient quantities and the flow 
from surrounding wells restricted to allow the sand pressures to be 
built up. 


DISCUSSION 


S. C. Hzroxp,* Los Angeles, Calif—We are familiar with the stratification dia- 
gram of fluids, gas on top, oil in the center and water below. We might expect, then, 
with any repressuring or driving with gas or air, that such gas or air should be applied 
at the higher contours of the structure to force the oil downward, thus avoiding an 
otherwise natural tendency for this gas or air to bypass the oil. It is interesting to 
note an actual verification of this principle in the Seal Beach properties as outlined 
by Mr. Bell. 

In accordance with the same diagram, I have previously stated that in applying 
the water drive, as in the Bradford, Pennsylvania, area we should drive from the 
lower contours to force the oil upward. Undoubtedly the efficiency of the operations 
will be enhanced when we comply with nature’s rule for the stratification of fluids. It 
is probable that the bypassing of the driving fluid cannot be avoided entirely in any 
case. We can hope only to minimize it. 

What is the appearance of the rings taken from the cylinders when used under such 
high pressures as 1800 1b? Are they pitted or worn symmetrically? Is the wearing 
of the rings purely mechanical or at least in part chemical? 


A. H. Bett.—Purely mechanical; just the case of complete elimination of all 
lubrication. The rings were worn very evenly. We did not at first expect anything 
so quickly. After the first failures we were prepared; we would take them out and 
look at them every few days and change them at suitable intervals. After we put this 
other metal in the packing rings we looked at them at the end of a week and at the 
end of a month, and after that we stopped looking at them. We tried to get the 
Compressor Manufacturers to adopt them. Probably they will after a while. It 
certainly is a means of stopping slippage on high-pressure gas. 


* Petroleum Geologist. 
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Repressuring in Depleted Oil Zones te a nx oat 


By C. M. Nicxerson,* Los Anceizs, Cauir. 


(Los Angeles Meeting, October, 1929) 


increasingly important to the oil industry, and is a matter that warrants 
the best efforts of the petroleum engineer charged with applying this 
method of operation to a producing property. Considerable attention 
has been directed to repressuring in various California oil fields, such as 
Dominguez and Seal Beach, which have served to sell the more pro- 
gressive operator on this idea and also to keep him sold. The projects 
that have received most attention are in comparatively young fields 
where the fluid levels are high, the wells, perhaps, still flowing, where 
the wet gas production is of considerable volume, and where there is 
vital need of immediate conservation of gas, which otherwise would be 
blown to the air. 

The new State of California Gas Law, Which prohibits the waste of 
gas, has served to interest the oil industry in means of conserving the 
gas that is now being blown to the air because of lack of markets. This 
vitally affects the operator in the older, well-depleted oil fields of the 
state, because in many cases he has a limited market for gas, on account 
of the flush production from the more active oil fields. While the waste 
of gas is relatively small in these older fields, such as the Midway-Sunset 
area, it now attains considerable importance, since under the new State 
Gas Law it must be put to some beneficial use. 

Repressuring in the older fields of California has not received the 
attention of the petroleum engineers that is warranted by the present 
situation. This paper was prepared with the view of presenting the 
salient features connected with repressuring in the well-depleted oil 
measures of the older fields, and to show what results have already been 
obtained in these fields by injecting the unmarketable gas into the 
sands, particularly in the Midway-Sunset field in the San Joaquin Valley 
of California. Other projects in the older fields of the state offer some 


supporting data in this connection, such as the Shields Canyon and the 


Brea Canyon fields. 


Gas STORAGE AND REPRESSURING 


On account of the lack of market for a large portion of the dry gas 
produced in certain of the older, well-depleted oil fields of California, the 


* Petroleum Engineer, U. 8. Navy Dept. 
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operators are forced to blow this gas to the air or to put the gas under- 
ground forfuture use. At first this was considered as merely a gas-storage 
proposition in the oil zone, as differentiated from storage in a dry zone. 
As the volume put underground increased, certain fluctuations in the 
production of the surrounding wells were noted. Further observations 
and study led the operators to believe that the gas-storage proposition 
could be more correctly termed a repressuring program. During 
the last two years these projects have come to be looked on as a 
repressuring program, although an appreciable proportion of the gas 
pumped underground could still be considered as stored there for future 
use. 

The lack of necessary records of gas production, gasoline content, etc., 
for individual wells in these older fields has seriously handicapped the 
petroleum engineer in studies of the actual results obtained from repressur- 
ing where the adjoining wells were on production. However, several 
important facts have been developed which may be useful in future 
repressuring programs in certain fields in California, where conditions may 
be comparable to those existing in the Midway-Sunset oil field and in the 
Elk Hills field. 


SupsuRFACE ConpITIONS, DEPLETED FIELDS 


It may be well to set forth the subsurface conditions in a typical well- 
depleted oil field of California, in order to explain better the results obtained 
by repressuring these oil zones. The Buena Vista hills anticline is an integ- 
ral portion of the more extensive Midway-Sunset monocline, located in the 
San Joaquin Valley. The oil measures vary in thickness from approxi- 
mately 600 ft. on the top of the structure to less than 100 ft. on the north- 
west flank. On several of the leases, where injection is under way, the 
average thickness of the sands is 200 to 300 ft. The oil zone consists of 
alternating strata of pulverulent, poorly cemented oil sand, and sandy 
shales, interstratified in a predominantly shale body. The fluid levels 
in the field are comparatively low, usually less than 500 ft. above the top 
of the perforations in the oil string. The wells vary from 3000 to 4000 ft. 
in depth. ‘The well-depleted character of the oil measures in the Buena 
Vista hills is shown by a production, to date, of 32,000 bbl. per acre, 
which represents approximately 75 per cent. of the estimated ultimate 
yield. Considering the low fluid levels and the present production per 
well of 20 to 80 bbl. per day, it is safe to assume that the upper portion 
of the oil zone is well depleted of its oil content, and that numerous open 
spaces may be found which would offer little resistance to the passage of 
gas from one location to another. The production of wet gas and natural 
gasoline is still of considerable volume, since the field is not in the last 
stages of depletion. 


REPRESSURING IN DEPLETED OIL 


INJECTION PRESSURES AND_ Vousadent eel! cee riteje 


The pressure under which the gas was injected in Buena Vista rh 
less than 200 lb. in most cases, and at least 300,000 cu. ft. ‘could be 
injected daily into an individual well. The source of the dry gas was the - 
gasoline compressor and absorption plants on the lease, which normally ~_— 
discharge the gas to the sales line at 300-Ib. pressure. On certain of th 
leases where only 80-lb. pressure was available, additional compressors, 
or high-compression cylinders, were installed to obtain the required 
pressure. Figs. 1 and 2 show the average daily volumes and injection ~ 
pressures for typical repressuring programs in the well-depleted field, the 
adjoining wells being on production. These curves show that the injec- 
tion pressure remained practically constant for a widely varying volume 
of gas. However, if sufficient volume were injected the pressure required 
would be increased somewhat. These figures are for leases that are not 
appreciably affected by encroaching edge water. Owing to the experi- 
mental character of the various programs studied by the writer, complete 
data were not always available; an attempt was made to determine the 
ratio between injection pressure and volume but was unsuccessful. 
As these projects are continued, further information may be obtained 
which will permit the determination of the maximum volume of gas that 
may be forced into the oil zone at a given pressure. None of the operators 
has found it necessary to inject all of the available gas into one well in 
order to determine the injection pressure changes, since there are sufficient 
wells available for injection purposes on the several leases. 

The best use possible was made of existing facilities on the lease. 
No elaborate plants or hook-ups have been installed for repressuring 
purposes. The dry gas from the discharge meter of the compressor 
plants was piped through available lines to the key well, and often these 
lines were not of the most economical size nor in the place desired. Pres- 
sure loss in the gas lines and leaks were taken for granted. The gas was 
available at a given pressure at the plant and whatever could be put 
underground was so much less to be blown to the air. More efficient 


installations will be found in the future as repressuring of these depleted 
fields becomes the common practice. 


CHOICE OF Ky WELLS 


The wells selected for injection purposes have not always been in the 
best mechanical condition nor at the best structural location. The key 
well should generally be selected as low down on the structure as the 
boundaries of the lease will permit. The location should be as far 
removed from the borders of the lease as is feasible in order to confine 
the benefits of the repressuring to the one lease, unless cooperation is 
obtained from the neighboring operator. In the older fields, it has often 
been found advisable to utilize for injection purposes a well that was 
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about to be abandoned on account of bad mechanical condition. If the 
well will not produce oil, but will receive gas into the oil zone, it becomes 
a source of profit instead of an added expense, since the removal from 
production of another well is rendered unnecessary. 

The key well should be cleaned out to bottom to facilitate injection 


‘and the connections made to the casinghead in order to pump the gas 


into the oil zone. Sometimes it was necessary to utilize the tubing in the 
well to gas-lift the oil from the hole until the fluid level had been lowered 
sufficiently to allow the gas to enter the formation under the available 
pressure. During the cleaning out of the well the fluid might be lowered 
to the desired level. The comparatively low fluid levels in the more 
depleted fields offer but little difficulty to the passage of the gas into 
the formation. 


RESULTS OBTAINED 
Fig. 1 shows a typical injection project, giving the injection pressure 
of between 160 and 175 lb., a daily average injection volume ranging 
from 200,000 cu. ft. to 280,000 cu. ft. for the individual well, and the 
average daily production of oil from an offsetting well. Within a month 


130 a 
= 120k aa 
2 
fed 
~ 
© 110} 
ae 
aie 
a Rd 
& g0/\, SS 
6 a a 
S 80 y 300 4. 
P 1 eee 
a { 200:8 dB 
iy Ose 
iy se 
Na 100 § 8.8 
Bae, BOS 
o-5> 
fi / | | lo aise 
r234567829 0l 23 4 15 6 M18 


Months 
Fig. 1.—EFrrrEcts OF INJECTION ON OIL PRODUCTION. 


or two after injection was started beneficial results were noted on the 
daily oil production of wells in the vicinity of the key well. The oil 
production of the typical well was greatly increased, and as the injected 
volume of gas was decreased each month, the oil production declined also. 
With an increase of 30 per cent. in the injected volume of gas the daily 
average barrels of oil increased almost to the former peak, as shown on 
Fig. 1. Not all of the wells were so favorably affected by the injection 
program but no well in the vicinity of the key well appears to have been 
adversely affected. There is every reason to believe that the decline 
curve of the well illustrated in Fig. 1 will meet the former estimated 


decline curve many months in the ek: e | 
estimated curve and the actual curve ¢ following injection re 


a 

Beate similar results are shown on Fig. 2, chil) eee a 
ditions on a lease in the Buena Vista hills. The injection pressure . 
remained constant at 160 lb., while during the period of a year: the volume — 
of gas injected increased fee 125,000 cu. ft. daily average per month to ; 
225,000 cu. ft. and then decreased to 130,000 cu. ft. daily. Data from — 
the offsetting wells, as illustrated by the curves on this figure, show that — 
the decline curve for daily barrels of oil turned upward within a few 
months after injection was undertaken, and had not reached its peak 
after a period of 9 months. The ultimate recovery of oil from the off- 
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Fig. 2.—PRopDUCTION DATA OF TYPICAL WELLS OFFSETTING INJECTION WELL. 


a 
3 
—_ 


setting well has been greatly increased by repressuring. Shortly after the 
program was initiated on this lease, the gas production of certain offsetting 
wells increased about 50 per cent., showing that the injected gas was 
reaching the well, probably by-passing the oil somewhat. Little attempt 
was made to control the migration of the gas by use of back-pressure on 
the offsetting wells, although this is feasible in most cases. The gasoline 
content of the wet gas from the offsetting wells showed a rather steady 
decline in gallons per thousand cubic feet (Fig. 2). This may be inter- 
preted as indicating that the dry gas was reaching the well and diluting 
the wet gas ordinarily produced, without picking up any appreciable 
amount of the lighter hydrocarbons in the crude oil. However, the 
large increase in production of wet gas more than offset the drop in the 
gallons per thousand cubic feet, and increased production of natural-gas 
gasoline from the well. Another beneficial result, which may be attrib- 
uted to repressuring, is the decrease in some cases in the percentage 
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of water produced by the offsetting wells, leading to lowered lifting costs 
and larger ultimate recoveries. Fig. 2 illustrates a drop in the volume 
of water from more than 50 per cent. to about 10 per cent. of the fluid 
produced. The oil curve turned upward at the time the water percentage 
curve reached 10 per cent., indicating, perhaps, that the water formerly 
produced was holding back or entrapping certain volumes of oil. The 
lease that gave the production curves of Fig. 2 is not within the edge- 
water line but does produce considerable water let into the oil zone by 
faulty shut-offs, etc. The decrease in the water cut may be attributed 
to flattening of the water cone, or actual prevention of infiltration of the 
water into the oil zone, by the pressure of the injected gas. 


Notes ON SHIELDS CANYON 


In the Shields Canyon field, 200,000 cu. ft. per day per well has been 
injected into the shallow zone at approximately 230-lb. pressure. The 
offsetting wells were producing between 3 and 5 bbl. of oil per day. 
After 18 months of intermittent repressuring the oil production from the 
majority of the wells had been materi- 35 
ally increased, while the key wells 


after being returned to production had = °° 
a daily yield greater than when they 2 25 vA i: 
were taken off production for injection © 4 a“ is 
purposes. 2 aS 
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INJECTION IN EpGE-wATER AREA a a 2 
If a lease is located within the edge- om. oe 
water line on the borders of a field so 300 
and repressuring is started, a some- Bg ly 3 

what different set of conditions is §% i 

met. Bottom water may have en- 25 377i 44a B 


croached to a point higher on the Months 

structure than the injection well. Fia. 3.—InsmcTion DATA FOR EDGE- 
Fluid levels may be considerably A eee 

higher than on a lease that is well up on the structure. The percentage of 
water produced from such a well is usually rather high. Injection has 
been undertaken on a small lease on the edge of the Elk Hills oil field, 
where these conditions obtain. The curves for this lease are illustrated 
on Fig. 3. Here the injection pressure required was considerably higher 
than in the well-depleted oil zones where edge water was not a major 
consideration. An initial pressure of 360 lb. was required, which 
increased steadily over a period of 10 months to 500 Ib. - The volume of 
gas injected was approximately 135,000 cu. ft. per day for this time. For 
the last few months the volume injected was decreased to 60,000 cu. ft. 
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per day, resulting in a very slight flattening of the pressure ¢ cul 
daily average oil production of certain of the offsetting wells sl 
considerable increase over a period of a year. The percentage 
produced by one well decreased from 40 to 20 per cent., with v; 


decreased water cuts on several of the remaining wells in the vicinity 


CONCLUSIONS 


On the basis of past experience in repressuring in the depleted oil 
zones of the older fields of California, it may be safely concluded that. 
the injection of gas into such a zone will result in considerable benefit to 
the operator, such as increased oil recovery, a slower rate of decline of the 
well, and an increased volume of natural-gas gasoline. A few years ago 
it was generally held that repressuring could not be undertaken on any 
except comparatively large leases of two or three sectionsin area. Recent 
developments have shown that this production method will be successful 
on leases as small as a quarter section. As much benefit cannot be 
obtained on so small a lease as would be possible if a larger area were 
under the control of a single operator, because of the tendency of the 
effects of the increased formation pressure to travel across the prop- 
erty line. 

Confining of the effects of the repressuring program to the area of the 
lease may be obtained by maintaining high fluid levels on the line wells 
and using a center well for injection purposes, at the same time producing 
the intermediate wells at a rapid rate under a relatively low back-pressure. 
This will result in some by-passing of the gas, which would probably occur 
anyway in the partially drained oil zone, in the obtaining of the increased 
oil recovery due to the gas-drive effect from intermediate wells, and in 
some decrease in the water production of the lease. 

Another method of obtaining full benefits from a repressuring pro- 
gram on a comparatively small lease involves holding back-pressure on 
the wells adjacent to the key wells, thus forcing the gas to travel a greater 
distance away from the injection well, and producing the line wells at 
maximum capacity under a comparatively low back-pressure. By this 
means the gas injected is forced to do the maximum amount of work, 
considering the limits of the lease; the increased oil recovery is obtained 
from the line wells; the circulated gas will have a higher gasoline content 
as it travels further through the oil zone, and in general a large area of the 
lease is repressured with only a small chance of the oil being forced off the 
lease to the wells of a competing neighbor. 

In the event of whole-hearted cooperation by neighboring operators 
even more beneficial results may be obtained by a repressuring program. 
If adjoining operators can agree, the key wells may be located as direct 
offsets across the section line, with equal volumes of gas injected into each 
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well, thus permitting full benefits of the program to be obtained by 
each operator, since he does not feel that he is merely forcing a portion 
of his own oil into the neighbor’s wells. The distance that the gas may 
be forced to travel by this method will be nearly doubled. The producing 
wells adjoining the injection well can have their back-pressure increased — 
without diminishing the oil production to any material extent, the gas 
forced to the next location, and the operation repeated, until the effects 
are noted on wells near the opposite section line. When this occurs the 
line wells should be operated at full capacity in order to make sure that 
the oil stays on the proper lease. The recirculated gas will have a 
higher gasoline content, caused by the increased distance it is forced to 
travel, thus tending to reduce the extraction cost of the gasoline. 

The reduction of the water production of the lease will tend to lower 
the lifting costs, and will normally be accompanied by an increase in oil 
production. On many of the older leases in California a large portion 
of the water produced with the oil may not be edge water, but water let 
into the formation by faulty drilling, leaking shut-offs, bad casing in 
suspended producers, etc. Some of the results obtained on various 
leases indicated that the injection of gas tends to hold back this type of 
water and to permit certain volumes of oil formerly trapped by the 
infiltrating water to be produced, thus increasing the ultimate recovery 
of oil. While unit operation of a structure may be the ideal method of 
obtaining the maximum volume of oil from each property, the lack of 100 
per cent. agreement should not prevent all attempts to utilize the excess 
dry gas. 

The market demands for dry gas in California fluctuate several 
hundred per cent. over the year, while the daily and weekly demands for 
gas show marked changes. The supply of dry gas from the gasoline 
compressor plants is constant, and cannot be regulated according to the 
market demand. An operator faced with a limited market for gas 
should be able to inject the excess over sales requirements into key wells 
on even a comparatively small lease, varying the injected volume on 
a daily, weekly and seasonal schedule. By this method he can sell all the 
gas that is needed for domestic and industrial uses, and inject the excess 
into the oil zone in varying amounts; the effects will continue to some 
extent after injection has ceased temporarily. On several of the projects 
in the state, injection was stopped and beneficial effects were noted 
on wells in the vicinity for several months afterwards. Over the week- 
ends there is a decreased demand for gas for use as fuel in the industrial 
centers, while during the summer months the domestic demand shrinks 
to a comparatively small figure. There appears to be no good reason 
why intermittent injection of gas could not be adapted to the fluctuation 
of the demand. Some operators believe that a constant volume of gas 
should be injected into a well each day and each month, but the writer 
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sees no real reason for this procedure, since intermittent in oti 
has proved successful in several instances. = e 1) dyes 

Some companies use the dry-gas zone for Pub: gas ‘that: cannot be 
used at the moment, withdrawing the gas for use at the first opportunity. 
Storage of gas in a dry-gas zone is not the subject of this paper and acd = : 
not be considered here, but is a parallel procedure for injection in varying — 
amounts into the oil zone, where it may be considered as repressuring or as ~ 
gas storage. A well so used for injection into the oil zone should not be 
considered as a gas-storage well, since the reproducing of the gas from the 
same well with adjoining wells on production would nullify certain of the 
benefits to be expected by allowing the gas to travel to adjoining wells and 
be produced there as wet gas. 

If a lease is entirely shut in and no wells are on production, surpris- 
ingly large volumes of gas may be injected into the oil zone and stored 
there. The casinghead pressures on wells in the vicinity should be 
recorded frequently in order to determine the extent of the migration of 
the gas and to prevent a blowout. Ultimately, a high pressure will be 
built up over the area of the lease. If any wells outside of the shut-in 
limits are producing, they should be carefully gaged and any undue 
.changes in production analyzed. This may permit of a modification of 
the back-pressures on certain of the shut-in wells so as to minimize the 
possibility of driving oil off the lease. The benefits of the gas thus stored 
will be obtained when the lease is returned to production, in increased . 
production from the several wells. 4 


SUMMARY c 


1. The repressuring of a depleted lease producing as little as 3 to 5 
bbl. of oil per well per day is feasible. 

2. Gas may be injected into a lease as small as a quarter section and 
the benefits therefrom confined to the property. 

3. The volumes and injection pressures necessary in the depleted. 
field are within reach of the usual compressor capacities found in the 
natural-gas gasoline plants on the lease. 

4. Intermittent injection of gas will eliminate the necessity of blowing 
the excess gas to the air, and will bring the supply more in line with the 
widely fluctuating market demands, thus permitting compliance with the 
new California Gas Law. 

5. The benefits of repressuring a well-depleted lease include: Ap 
increase in the oil production of the offsetting wells; a decrease in the 
water production, resulting in lessened lifting costs; an increase in the 
volume of wet gas produced by the wells; and an increase in the total 
gallons of gasoline obtained from the wet gas, although the gasoline 
content may have dropped. 
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6. When the injection well is returned to production the barrels of 
oil per day will ordinarily be found to have increased over that prior to 


- the injection of the gas. 


7. The use of increased back-pressures will offer some control to 
the direction of migration of the gas. 

8. The injected gas should be forced to travel the longest distance 
possible underground in order to obtain the maximum benefit from the 
injection pressure, and from the increased gasoline content. 

9. The value of the increased gasoline recovery in most cases will 
be more than equal to the cost of the injection. 

10. The ultimate production of oil from the lease will be increased to a 
material extent. 
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DISCUSSION 


W. W. Scorr,* Houston, Texas.—The Humble Oil & Refining Co. is repressuring 
in the Powell field, Texas. Repressuring operations have been going on since March 
31, 1926. Most of you are familiar with the fault type of structure and the water 
drive there. 

We are injecting about 2,000,000 ft. of air and have been doing so for about a 
year on account of lack of gas. We are getting an increase in the production of oil 
and gasoline recovery, and think we have retarded the movement of water up the 
dip as injection wells are placed down the dip. In some instances, wells that have 
been abandoned as producers have been used for this purpose. 


S. CG. Herowp,t Los Angeles, Calif.—It is interesting to note that Mr. Nickerson 
makes a distinction between injection wells and storage wells. It is advisable 
to distinguish between the operations of injection and storage. Mechanically they 
are somewhat similar, in so far as they are accomplished by compression pumps, 
but their purposes are distinct. The beneficial results obtained by injection are 
undeniable. It certainly increases the rate of production from adjoining wells. If 
we are to store gas in the productive horizons of this state the gas will creep up the 
structure and form there what we may term a large bubble. It will not be a bubble to 
the complete exclusion of oil, but one wherein most oil is displaced by gas. The pool 
of oil will be thus maintained in its spread over the structure; edge wells will be 
maintained in oil as a consequence. 

The formation of such a bubble will take place in our processes of injection in 
California. Then against Mr. Nickerson’s fifth statement in the summary, I believe 
that we must list the disadvantages resulting from such a bubble on the crest of 


the structure. 


* Chief Petroleum Engineer, Humble Oil & Refining Co. 
t Petroleum Geologist. 
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I would take oie with Mr. Nickerson and 
ultimate production from a field at large in Calif n 
these fields we can include those of the Gulf Coast region, N 
fields wherein production is in either hydraulic or volumetric control. 
mate production from the field at large is not affected. » For the individ 
it certainly is affected. The man who gets there first and gets the oil out 
gets the most oil, particularly if his property is on the flank of the structure, 
probably if his property is on the crest of the structure. wel iy 
In the Mid-Continent and Eastern regions, wherein production is in capillary 
control the ultimate production from the field at large is increased by repressuring. 
Here repressuring would be more accurately described as a forced drive by gas. 
As to the use of increased back-pressures in item 7, I agree that it will offer some 
control over the direction of migration of gas, but it seems to be certain that if we 
place back-pressure on our wells we benefit our neighbors, if we have them. 


A. H. Betu* Los Angeles, Calif—I take exception to the statement that there 
is no increase in production in California pools. We had a good example at Seal 
Beach of an increase in production of between 25,000 and 30,000 bbl. of oil that was 
trapped between two well locations. The well that we injected had previously 
produced as much as 5000 bbl. of clear water daily. A well on a neighboring property, 
which was producing about 80 per cent. water and a couple of hundred barrels of oil, 
jumped up to over 2000 bbl. of oil. That is oil that would ultimately have been lost. 
We had already abandoned our well and the neighboring well would have been aban- 
doned within a few months. This trapped oil production can certainly be classed 
as increase in production for the field. We did not get it, but it was produced in the 
field. An enormous amount could have been produced if we had gone through the 
whole field, repressuring each well before abandonment. In other words, the oil is 
driven out of the trap in the upper part of the sand. It could not escape into the wells ‘ 
either up or down structure. The gas drive would naturally hang to the top and 
force the oil out. 


S. C. Herorp.—In a case of that sort I fear I must concede your point. I am 
assuming, when I make my statement, that there is at least one well on top of the 
structure that can take the last of the oil that is to come to us. If there is no such well, 
of course we can increase the ultimate production by forcing the oil from the crest to 
a well conveniently located on the flank. 

Possibly I am inclined to give less credit to the existence of local traps than most 
people are. Perhaps I should ask if by a trap you mean a condition in the sand where 
a porous section is completely surrounded by a relatively tight section. 


— 


A. H. Betu.—I mean space between the well locations and structural curves. 
The water encroaches more or less in a straight line and leaves a layer of oil between 
the water line and the overlying shale, where the oil would not have any avenue 
of escape. 


8. C. Heroup,—Inasmuch as no anticlinal structure is geometrically perfect, I 
suppose we may find minor undulations in the productive formations between wells. 
These may indeed serve as traps, but what is in them? Necessarily gas. Gas will 
tend to hang to the roof of the formation, will it not? 


A. H, Betu.—Yes, but the gas is depleted. 


S. C, Hnroitp.—By injection you are maintaining the presence of gas. I believe 
that our tests on gas-oil ratios when back-pressures are altered verify the fact that 


* Continental Oil Co. 
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- these traps take more gas on the increase of the back-pressure, and give up an excess 
of gas on the release of this back-pressure. 


4 C. M. Nickerson.—My paper was written about a field that is about 15 miles 
long and 4 or 5 miles wide. Mr. Bell’s paper’ concerns a field that is possibly 1 or 2 
_ mileslong. There is a great difference in viewpoint in repressuring these two different 
types of fields. In the Seal Beach field it is possible for one company to have repres- 
sured right down to the edge-water line. In the larger fields of the state this is almost 
impossible, since the companies do not own such large blocks of acreage that the 
lease covers an area from the crest to the edge-water line of the structure. If the 
lease is one square mile in area, an operator must consider how to repressure for his 
own benefit, and not with the idea of unit operation of the structure. In this case 
a well will be chosen ordinarily down dip, because the effect will travel up dip; 7. ¢., 
will be noted mainly on his own property. If a well is selected on the up-dip property 
line for injection purposes, the entire effect would probably be noted on the section 
above and few benefits obtained by the section below the contour line on which the 
injection well is located. It was with the idea of repressuring a small lease, assuming 
little cooperation possible with the neighboring lessees, that I stated that the choice 
of the key well should be made as low down on the structure as the shape of the 
lease permits. 

In any study of repressuring problems I am impressed with the existence of two 
schools of thought, one considering the question from a theoretical viewpoint that the 
entire structure is owned by one operator and that repressuring can be undertaken 
with the unit operation idea, and the other considering the problem from a practical 
viewpoint that a lease does not cover the entire structure, that large quantities of gas 
are available for injection, and that injection is desirable regardless of any lack of 
cooperation with neighboring operations. While unit operation of a structure may 
be the ideal solution of the problem, these projects are few in number and have 
advanced but little beyond the theoretical stage. The practical consideration of 
present lease boundaries, position on the structure, attitude of offsetting operators, 
ete., has led to repressuring programs that have confined the larger portion of the 
benefits of injection to the lease in question. Such a practical solution of injection 
on various leases has considerably more appeal to the board of directors and stock- 
holders of an oil company than has a theoretical plan of unit operation with its attend- 
ant difficulties of cooperation. At some future date the unit operation of a structure 
may be the common practice, but at the present time, with large quantities of gas 
being blown to the air in California, comparatively small leases can be successfully 
repressured with the aid of present available knowledge, leaving any difficulties of 
cooperation, proration of oil, etc., for later consideration when unit operation is adopted. 


1See page 240. 
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Recent Developments in Flooding Practice in the Bradford 
and Richburg Oil Fields* 


By Cuaries R. Fetrxe,t Pirrspures, Pa. 


(New York Meeting, February, 1930) 
ABSTRACT 


Tue Bradford and Richburg oil fields are the only pools where 
artificially conducted water drives on an extensive scale have been 
economically successful. Field practice has progressed from the original 
accidental or intentional circle flood, through the line flood development 
plan, to the intensive complete development plan, which is the most 
recent and generally considered to be the most successful. Of the 
intensive development plan the five-spot arrangement of wells is the one 
that has been used most extensively. A further development associated 
with the latter method is the application of additional hydraulic pressure 
to that of the hydrostatic head of the column of water in the intake well. 
In conjunction with this method is the practice of delayed drilling of the 
oil wells until the water from the intake wells has entered even the less 
permeable portions of the sand and developed a “‘bank”’ of oil at which 
time all oil wells are drilled as nearly simultaneously as possible. The 
five-spot pressure flood with delayed drilling gives more rapid return on 
investment than any other method. The seven-spot and nine-spot 
patterns are rarely used. No chemicals, such as sodium carbonate and 
other so-called flooding agents, are being added to the water at present 
since the field tests carried on in 1926 gave no positive results. All air 
and gas drives have been discontinued. 


* This paper and discussion are available at the office of the Institute as Technical 
Publication No. 328. 


} Professor of Geology and Mineralogy, Carnegie Institute of Technology. 
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in Water-flooding of Oil Sands in the Brad- 
ford and Allegany Fields 


By Pav. D. Torrey, Braprorp, Pa. 
(New York Meeting, February, 1930) 


Tue water-flooding of oil sands has been widely practiced for many 
years in the Bradford and Allegany fields. Its effect upon the production 
of these fields has been almost phenomenal. In 1907 their estimated 
production was 3500 bbl. per day; in December, 1929, the combined 
production is estimated at 33,000 bbl. per day, an increase of almost 
1000 per cent. in 22 years. This increase in production is directly 
attributable to the successful application of water-flooding, which has 
transformed the fields that were rapidly approaching abandonment into 
one of the most actively operated regions associated with the petroleum 
industry, and has made them important factors in the production of 
Pennsylvania Grade crude oil. 

The writer is indebted to many companies for information included 
in this paper. He is particularly grateful to the Sloan and Zook Co., 
the Petroleum Reclamation Co., George Bovaird, Jr., and the Associated 
Producers Co., of Bradford, Pa., who have generously made available 
much valuable data. Owing to the frequently competitive and confiden- 
tial nature of property purchases, it has not always been possible to make 
specific reference to individual wells or properties; but wherever feasible, 
Y specific references have been made. © 


Economic FactTors 


4 ~The successful application of water-flooding for increasing the recovery 
of oil has been almost confined to the Bradford and Allegany fields. 
This has been due not only to legal restrictions in other fields and to very 
favorable sand conditions in the Bradford-Allegany region, but also to 
certain economic factors which are worthy of consideration. 

There has been some alarm regarding the effects of the rapidly 
increasing production upon the oil market but the writer is inclined to 
believe that future development can be made sufficiently flexible to meet 
the demand for this grade of oil. There has been a decided tendency 
toward consolidation of properties by mergers and purchases and, in 
addition, many of the individual producers are content to take advantage 
of floods advancing on their holdings from adjoining properties without 
developing their own on an intensive scale. Cooperative drilling along 
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property lines is Once practiced peek res ot 
mies in development but also in desirable produ 
Both the Bradford and futins ficldia are well define 


nable and an accurate ener of patie fir expense is 
simple. The precision with which costs and profits can be p 
combined with a reasonable certainty of return based upon a 
uniform average oil price, has attracted considerable outside = fa a 
which has done much to expedite development. > oye 
The Bradford and Allegany fields, therefore, possess panei 3 
advantages which would not bé encountered in many other fields. There — a 
are good reasons for questioning the advisability of attempting to water- _ 
flood certain fields where development costs are much higher and oil ~ 
prices lower, even if there is definite evidence that water-flooding would 
7 materially increase the recovery. =a ' 


DEVELOPMENT OF FLOopING MeEtTHoDs 


Since the publication of a former paper by the author,! there have 
been rather radical changes in development technology. The successful _ 
application of the line flood did much to establish water-flooding as the 
only consistently profitable method of increasing oil recovery in these 
fields, but it also had a marked effect upon the price demanded for 
properties. As the efficiency of the line flood became more evident, 
there was a corresponding increase in the valuation of oil properties. 
The adoption of intensive flooding operations was the natural result of 
this condition. Such developments were at first more or less experimental - 
but the results from the original attempts were so encouraging and the 
increased economy of operation so evident that this method has been 
almost universally adopted during the past two years. 

Intensive development consists in completely drilling an area accord- ‘ 
ing to some definite geometric pattern. The five-spot flood, consisting 
of one oil well equidistant from four water-intake wells arranged in a 
rectangular pattern, is, in reality, nothing more than a series of line 
floods. Various other patterns have been used to a lesser extent; they 
will be more fully described in the paragraphs devoted to well spacing. 

The advantages of an intensive development over the line flood or 
other less systematic methods of flooding are: concentration of develop- 
ment and operations in one area with a consequent reduction in capital 
and operating expenses; rapid depletion, which further reduces operating 
expenses and materially reduces interest charges; and a more efficient 
flooding of the sand with a consequent increase in recovery. 


*P. D, Torrey: Some Factors Influencing the Production of Oil by Flooding in 
the Bradford and Allegany Fields. A. I. M. E. Tech. Pub. 39 (1927). 
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WaTER SUPPLY 


- During the early period of water-flooding development, water was 
introduced into the sand either by cutting or by pulling the ground- 
water string of casing. This method was considerably improved by an 
act of the Pennsylvania legislature requiring that all water-intake wells 
be tubed from the bottom of the lowest fresh-water-bearing stratum to 
the top of the Bradford sand. At the time this law was passed, it was 
regarded by many operators as an unnecessary burden, for it was intended 
to protect other possible sands above the Bradford, but it proved to be 
“a blessing in disguise, for the accumulation of cavings and other sediment 
on top of the sand was partly prevented. However, there is much 
evidence to indicate that many wells were plugged by sediment and by 
ferric hydroxide that passed down from the water-bearing horizons 
through the open couplings in the tubing to collect on and over the sand. 
It is hard to estimate how many water-intake wells were being effectively 
plugged while the operators were wondering why the anticipated results 
from their floods had failed to materialize. 

In addition to the possibility of unknowingly plugging off the sand 
by uncontrolled water-floods, many floods have been actually starved, 
owing to a lack of adequate supplies of ground water. This is especially 
evident on properties located on hills where there are appreciable devia- 
tions in the level of the water table owing to seasonal variations in rain- 
fall. The effect of the amount of rainfall on oil production is frequently 
very striking and in periods of drought it is known in certain instances 
to have decreased 50 per cent. 

The intensive development of properties has in several instances 
been seriously hindered by a lack of water. In certain parts of Bradford 
field, where the area of watershed is limited, the situation has become 
so acute that supplementary supplies have been obtained from other 
sources. When it is considered that a modern five-spot flood frequently 
requires more water in a year than the total annual rainfall over the area 
drilled, it will be appreciated how essential it is to provide for an adequate 
water supply. 

The ground water derived from the bed rock, in the Bradford field, 
ordinarily requires treating before it is suitable for flooding purposes. 
It occurs in more or less ferruginous beds and carries in solution appreci- 
able amounts of ferrous carbonate, which is readily oxidized to ferric 


_ hydroxide when the water is exposed to the air. Several instances can be 
- cited where ferric hydroxide, with suspended matter, has effectively 


plugged the sand, therefore it is becoming a rather general practice 
to agitate the water with air before it is flowed to the water pumping 
plant, and to run it through a rapid sand filter, using alum as a coagulant. 
This procedure removes all iron compounds and has been remarkably 
successful in eliminating much of the previous trouble. 
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OPERATION’ t OF PRoPERTIES 


There has been little change in actual oneeatiaae pres 
Bradford-Allegany area since the publication of papers by U 
and by Newby, Torrey, Fettke and Panyity.* The ee a 
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Fig. 1.—ARRANGEMENT OF MODERN WATER PUMPING UNIT. AFTER PETROLEUM 
RECLAMATION Co. 


improvements are central water pumping plants and the extensive use of 
the diamond drill and cable tool core barrel for taking cores of the sand. 


The use of central water plants, to supply the water-intake wells F 
instead of depending on the subsurface water-bearing formations, was : 
first applied to increase the pressure on tight sands. Their use, has, Bs 


however, become more general, for they insure a continuous and uniform 2 
flow of water to each water-intake well. It is possible to meter the water 
going into every well, therefore, a much better control of flooding action 

is possible. In addition, it is possible to detect any plugging action from 

the record of the meters and to filter or otherwise treat the water if such 
procedure is necessary. 


* J. B. Umpleby: Increasing the Extraction of Oil by Water Flooding. Petroleum 
Development and Technology in 1925, A. I. M. E., 122. 

3 J. B. Newby, P. D. Torrey, C. R. Fettke anit S. Panyity: Bradford Oil Field, 
McKean County, Pennsylvania and Cattaraugus County, New York. Structure of 
Typical American Oil Fields, 2, 407-442, Amer. Assn. of Petr. Geol., 1929. 
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The value of the central water pumping plants has been clearly 
proved and few intensive developments are operated without them. 
The coring of the oil sand to determine its character has become 


general. Both the diamond drill and cable-tool core barrel are being 
used. Each of these methods possesses certain advantages and in com- . 


paring them it should be appreciated that, in so far as the Bradford and 


Allegany fields are concerned, complete cores are of far greater importance 


than time or expense, especially when the investment of large sums of 
money is dependent on the results of the core analyses. 

The diamond-drill cores that the writer has examined have been 
most complete and present an excellent record of the beds cored for 
lithologie studies. In some of the newer models the core is protected by 
an inner barrel, which has materially helped to prevent water circulation 
around the core. The high water pressure required for diamond drilling 
washes considerable oil from the sand, and since there is unquestionably 
some drainage of oil during the time required to pull the tools, samples 
taken for saturation tests may give inaccurate results. 

The cable-tool core barrel possesses a considerable advantage in that 
the core is not subject to high water pressure and that samples of sand for 
saturation tests can be obtained easily in about 10 min. after they have 
been cut from the sand body. ‘The actual coring of the sand can be done 
ordinarily as rapidly as drilling with the customary tools although, of 
course, more time is required when the tools are out of the hole to change 
bits, ete. The sands of both the Bradford and Allegany fields are almost 
uniformly thin-bedded, so most cable-tool cores are broken into small 
biscuits, which represent the thickness of the actual beds of sand. A 
Baker cable-tool core barrel, when operated by an experienced and com- 
petent driller, will take as complete a core of Bradford sand as any dia- 
mond drill on the market. In the Baker core barrel the core is as well 
protected, after it has been cut from the sand, as in the improved models 
of diamond drills; for the upper part of the inner core tube is equipped 
with a water valve which allows the water to escape as the core is pushed 
up into the tube. 

The comparatively low cost and simplicity of the cable-tool core 
barrel has appealed to many oil producers, but its greatest advantage 
lies in the flexibility of its operation and the fact that samples for 
saturation tests can be obtained that more nearly approached actual 
conditions in the reservoir than those obtained by any other method. 

Intensive water-flooding rapidly depletes the supply of gas on a 
property, so that there have been several replacements of gas engines by 
Diesels. More Diesel installations may be expected in the future, for the 
supply of gas is limited and purchased gas is much more expensive than 
fuel oil. Diesel electric plants may prove to be the most economical 


source of power. 
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underlying the property. There are many factors that determine 


intensive development. Its use has been almost universal, owing to the 
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Probably ihe wipe important factor in Pa tr 
results from a water-flooding operation is the selection of a \ 
pattern designed to conform best with the characteristics of the san 


ideal spacing pattern for a property or area. Some of these—geometri : 
pattern, sand porosity, saturation and total oil content of sand, wat 
pressure and the element of time—are discussed in the follow- 
ing paragraphs. 


Geometric Patterns 


The well spacings used in line floods and circle floods have been 
adequately described and analyzed by Stephenson and Grettum.* The 
first pattern applied in intensive development was rectangular (the five- 
spot) with an oil well in the center of a square formed by four water- 
intake wells. This pattern is, in reality, nothing more than a series of line 
floods and it was, therefore, the natural change from the system of 
flooding most widely in use prior to the more general application of 


ease with which it is fitted into property boundaries and the manner in 
which the distance between wells can be varied to conform to changing 
conditions in the sand body. 

A triangular pattern has been used on a few properties. In this 
system an oil well is located in the center of an equilateral triangle 
formed by three water-intake wells. It is claimed by the operators 
using this pattern that it will add materially to the effectiveness of the 
flood, but comparative data are not available and it is somewhat question- | 
able whether the-possible increase in recovery will be sufficient to warrant Z 
the additional development expense required by this pattern. The 
triangular pattern alone is difficult to fit into property lines but fre- 
quently it may be applied to advantage in connection with a rectangular 
pattern in properties of irregular dimensions. > 

Some consideration has been given by various operators to the use 
of a hexagonal pattern. The hexagon possesses some distinct merits, 
for it is the polygon with the largest number of sides that will fit into a 
continuous pattern. A hexagonal arrangement of water-intake wells will 
undoubtedly increase the efficiency of a flood, for the oil well will be more 
effectively surrounded by water and the dangers of trapping oil between 
the intake wells will be diminished. The reduction in development cost 
by the use of a hexagonal pattern will be considerable except in the offset 
wells along the property lines and even here the saving in development 


*K. A. Stephenson and I. G. Grettum: Valuation of Flood Oil Properties. 
A. I. M. E. Tech. Pub. 323 (1930). For abstract see page 277. 
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expense probably will equal the value of the oil flooded on to adjoin- 
ing properties. | 


ay 


Porosity of Sand 


- One of the most important factors determining the most desirable 
spacing for a property is the rapidity with which water will penetrate 
through the sand from the water-intake well to the oil well. The rate 
of travel of water through the sand is dependent upon the permeability, 
or capacity for penetration, of the sand; upon the water pressure, and 
upon the distance between the water-intake well and the oil well. The 
permeability of a sand depends upon the porosity and the degree of 
interconnection of pore spaces, the size and shape of the pore spaces, 
and to a lesser extent upon the type of cementing material and the 
oil saturation. 

The size and shape of pore spaces are determined by the size and 
shape of the sand grains and by the amount of cementing material between 
the grains. The average size of grains of the Bradford sand is excep- 
tionally uniform in comparison with the grain size of other petroleum- 
bearing horizons of the Appalachian fields and, although there are certain 
areas in the Bradford field in which the size of the sand grains is somewhat 
variable, it can be stated that, in general, the variations in the porosity 
of the Bradford sand are dependent upon the amount and type of cement- 
ing material present. 

The cementing material of the Bradford sand is both argillaceous and 
siliceous. In the northern part of the field, argillaceous cementing 
material predominates. In the central part of the field there is consider- 
ably more silica present in the cement and in the southern part the 
cementing material is more purely siliceous, part of which seems to be 
of secondary origin. 

_ The exact relationship between the porosity of the Bradford sand and 
its permeability is not a settled question. The writer believes that in so 
far as the Bradford and Richburg sands are concerned pieces of sand 
possessing the same dimensions and the same porosity and grain size 
will have approximately the same permeability under pressures corre- 
sponding to the pressures used in water-flooding. Evidence in favor 
of this theory has been found from laboratory experiments and from 
actual field experience. 

The performance of comparable permeability tests in the laboratory 
is not always easy. It is frequently difficult to get samples of sufficient 
size and uniformity of texture, owing to the thin-bedded character of the 
sand, and it is sometimes rather hard to cut and grind the sand sample 
to a standard size. In order to make determinations which check with 
reasonable accuracy, the sand must be oil-free, for varying saturations 
of oil have a material effect upon the penetration of water at a fixed 
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ordinary type metal to hold the sample in position. This « ol 
to a hydraulic pump equipped with suitable gages in order t 
a constant pressure. Pressures varying from 100 to 5000 Ib. pe 
have been used, but the most satisfactory results have been ob 
using pressures from 500 to 1500 Ib. It has been difficult to ob 
satisfactory checks using low pressures and smaller pieces of sand a1 
at excessively high pressures it is rather hard to maintain a_ constant 
pressure and to prevent leakage around the sample. In Fig. 2 the aioe 
of some of these tests are shown in graphic form; a reasonably close. 
relationship between porosity and permeability is indicated. The sand | 
samples used in these tests were obtained from the Schofield property _ 
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Fic, 2,—RELATION BETWEEN POROSITY AND PERMEABILITY OF PIECES OF BRADFORD 
OIL SAND. 


of Bovaird Oil Co.; the West Looker property of Petroleum Reclamation 
Co., and Seaward property of Bovaird and Hamlin. These properties 
are rather widely separated although the sand from all three possesses 
a uniform grain size and similar cementing material. 

Where there is any considerable variation in grain size, it is impossible 
to obtain such a close correlation; and for this reason it hes been appreci- 
ated for some time that the staal in the southern part of the Bradford 
field required, on the average, higher water pressures and closer well 
spacing than sand of similar porosity in the northern part. 

The amount of experimental data available, although indicative of a 
fairly close correlation between porosity and permeability in the Bradford 
and Richburg sands, is, however, not sufficient to be absolutely con- 
clusive; more reliable iifouni ie can be obtained from a study of cores 
taken in areas that have been watered-out and abandoned. ‘The writer 
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a Fig. 3. This core is from the southern part of the Bradford 
from an area that has been affected by water for over 10 years. 


GY : 4 %e Saturation - Porosity 


<5 - , Le : ae 


Fig. 3.—Porostry AND SATURATION PROFILE OF CORE TAKEN FROM WATERED-OUT 
AREA IN SOUTHERN PART OF BRADFORD FIELD. Om CONTENT, 19,709 BBL. PER ACRE.) 


The results of the analyses of saturation samples from this core are 
given in Table 1. These determinations show that the various lenses 
of this sand are in almost every stage of flooding action. Certain beds 
apparently have never been affected by water; in others the water has 
evidently removed all of the recoverable oil; and in still others the oil 
has been so concentrated by the water that the sand is probably com- 
_ pletely saturated. 

The results obtained from actual field experience can hardly be 
questioned and for this reason there seems to be no ground for not accept- 
ing the porosity of the Bradford or Richburg sands as a criterion of its 
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Mates (ene of Sataraend Tests on i noe 
Illustrated in Fig. Aik 


Sample No. B Porosity, Per Cent. |Oil Saturation, Per Cent.| pg? 
1 9.82 
2 daa bee 
4 12.46 
6 15.22 
i 20.27 
8 Lee 
9 22.80 

10 21.60 
11 14.42 
12 14.19 
13 22.00 
14 17.98 
16 - + 12:35 


Saturation and Oil Content of Sand 

Much of the information previously published regarding the saturation 
and oil content of the Bradford sand has been misleading. The detailed 
analyses of hundreds of cores of the sand combined with studies of the 
relation of the amount of water introduced into the sand, with the total 
fluid and gas produced, indicate that the average oil saturation of the 
Bradford sand is about 55 per cent. Higher saturations are occasionally 
found in lenses that are apparently unconnected with the main sand 
body, and in areas where oil has been concentrated in the sand by 
flooding action, saturations approaching 100 per cent. are not uncommon. 
In general, the saturation of the sand is higher in structural lows than 
along anticlinal axes or in the Knapps Creek dome. In fact, the upper 
part of the sand, in the higher parts of the folds, is almost invariably 
a gas pay barren of oil, which presents a rather serious problem in flooding 
operations, since water will move much more readily through the depleted 
gas pays than through the saturated oil pay. 

The results obtained from laboratory tests of oil saturation can be 
accepted as minimum figures for there is certainly some oil lost during 
the coring operation, but they can be readily checked by calculating the 
total volume of pore space in the sand and comparing it with the amount 
of water introduced into the sand and the volume of fluid and gas produced 
from the oil wells. In Table 2 such a comparison has been made, based 
on accurately kept data from several properties. It can be clearly seen 
that if the sand had possessed a saturation of from 80 to 85 per cent. it 
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| would have been physically impossible to have put such volumes of water 
_. into the sand. 


TaBLE 2.—Relation of Water Input to Oil Produced for Several Properties 
in Bradford and Allegany Fields 


Volume of | Volume of = | 


Voids per | Oil per Average i i 
Flood| Acre Cal- | Acre Cal- ao * te Water Oil Pro- Water Flood Ha 
©. | , culated culated | o¢''Top of | of San ig Input per | duced per | Input to | Been in 
om oa non Core Sand, Lb. | Per C at Acre, Bbl. | Acre, Bbl. | Oil Pro- | Operation, 
i A me per Sq, In. duced Months 
1 34,098 18,846 1,300 12.1 ' 14,440 1,100 feo fi 
2 27,664 15,400 1,300 LI 18,831 2,975 6.3 12 
3 28,360 12,622 1,100 13.3 11,880 480 24.7 4 
4 20,455 11,840 1,500 11.2 18,223 3,860 4.6 23 
5 13,980 9,377 1,700 10.9 8,170 2,700 3.0 14 
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The determination of oil content is essential, not only because it has an 
important bearing upon the spacing that can be most advantageously 
employed but because it is, in most cases, an accurate criterion of prop- 
erty value. 

Characteristics of the reservoir rock, such as the porosity and satura- 
tion of the sand, are reasonably constant but, since these conditions can- 
not be controlled in advance, it is necessary to apply a spacing pattern 
which past experience has shown may be expected to give the most 
favorable results. The factors of water pressure and the element of 
time are controllable by the operator and must be considered in selecting 
the most advantageous spacing for sands possessing certain spe- 
cific characteristics. 

The use of additional water pressure was first tried in the Allegany 
County fields, where it was found that the natural hydrostatic pressure 
was not sufficient to force adequate volumes of water into the sand, 
owing to its very low porosity. The first intensive floods in the Bradford 
4 field used close well spacings—from 200 to 250 ft. between water wells— 
‘ but this spacing has been gradually increased until spacings of from 300 
d to 450 ft. between water wells are not uncommon. ‘This increase in the 
a dimensions of the spacing pattern has had a material effect in reducing 
4 development costs and has been made possible by the use of water pres- 
A sures far above those considered feasible in the past. 

The time required to deplete a five-spot or any other type of intensive 
flood can be predetermined with reasonable accuracy to meet the require- 
ments of the operator, by varying the dimensions of the spacing pattern. 
A close spacing with normal water pressure will give rapid results, and 
is frequently used where it is desired to make a rapid return of the 
capital invested in land and development, or to build up a large produc- 
tion for the purpose of a sale. A wide spacing pattern possesses not only 
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Fig. 4.—O1L PRODUCTION CURVES FROM FIVE-SPOT WELLS OF VARYING SPACING 


PATTERNS. WELL SPACINGS INDICATED REPRESENT DISTANCES BETWEEN WATER- 
INTAKE WELLS. . 


Fia. 5.—DEsIRABLE WELL SPACINGS FOR CERTAIN POROSITIES OF SAND AND WATER 
PRESSURES, APPLICABLE TO PROPERTIES IN CENTRAL PART OF BRADFORD FIELD. 
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ty the material advantage of lowering the cost of development but the longer 


productive life of widely spaced floods permits a better opportunity for 
obtaining an average price for the oil produced. There has been a gradual 
but definite trend toward wider spacing patterns during the past year. 
In Fig. 4 the production of a typical well from five-spot floods of 
different well spacing is given. 
The description of the various factors upon which the selection of the 
most advantageous spacing pattern must be made leads to a definite 
analysis (Fig. 5) of these factors to determine the proper spacing for 


_ certain properties in the central part of the Bradford field. Analyses of 


this character cannot be reliable unless there is a close comparison between 
core studies and the results obtained from acutal field operations. In 
fact, core analyses are practically worthless unless they can be interpreted 


in the light of past operating experience. The most important feature 


in the construction of these graphs is in the calculation of an average 
porosity that is representative of the core. This is, of course, impos- 
sible where there are wide variations in porosity, and any recommenda- 
tion that might be made for sand of this character should be based more 
upon the experience of the engineer and the actual operating problems 
of the operator than upon any predetermined formula. The data in 
Fig. 5 are based upon actual operating experience and represent the most 
up-to-date information on this subject, although future developments 
may, of course, present reasons for certain changes. 


se 
RECOVERY OF OIL 


Notwithstanding the certainty of developing oil production in the 
Bradford and Allegany fields, the recovery of oil by water-flooding is a 
most variable factor, depending both upon the method of operation and 
upon the oil content and character of the sand. There is unquestionable 
evidence that the recoveries obtained in the past from many properties 
are not a true indication of their worth, owing to a lack of adequate 
water supplies and to the fact that many intake wells were undoubtedly 
plugged by ferric hydroxide and suspended matter from the water. In 
addition, information obtained from cores taken in what are regarded 
as watered-out areas indicates how really inefficient many of the old floods 
have been, for, in some instances, not over 50 per cent. of the sand has 
been affected by the water and only about 25 per cent. of the sand has 
been effectively flooded. It may be reasonably expected that intensive 
development will materially increase recoveries obtained in the past, 
perhaps from 20 to 25 per cent., since the possibility of by-passing oil 
is reduced, and the hazard of inadequate water supply almost 
entirely removed. 

It is impossible to apply a recovery factor that can be used with a 
fair degree of certainty for the large combined areas of the Bradford 
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and Allegany fields, aaa to the “fact 3 
comparing recoveries, previously obtained fre mn 
and the present and anticipated recoveries-from it n 
oil content of the sand determined from core analyses, le 
found that efficient water floods, in sands possessing a porosity 0 
uniformity, are recovering approximately 40 per cent. of the oil : 
in the sand. This figure has been checked sufficiently to war 
use in estimating the oil recovery from undeveloped properties, 
although indicated recoveries from core analyses cannot be offered as 
absolute certainty they are, at least, a valuable index of com al 
tive quality. Mi 


INCREASING RECOVERY — at 


The results of all of the recent improvements in the technology of 
water-flooding have had a material effect upon the efficiency of water- — 
flooding operations, with a con- 
sequent increase in the recovery 
of oil. One of the most notable 
recent improvements in intensive 
development is ‘‘delayed dril- 
ling,’ which may have an im- 
portant effect upon future de- 
velopments in these fields. 

Delayed drilling was first 
tried in an area in the Allegany 
field, where a previous five-spot 
flood had yielded unsatisfactory 
results. A core of the sand from 
this area is shown in Fig. 6, 
which conclusively proved why 


Fic. 6.—Porosity AND SATURATION PRO- this flood was not giving the re- 
FILE OF CORE TAKEN FROM PROPERTY WHERE Sults that were anticipated. The 
DELAYED DRHUING was Finer TRimD. OT water was moving through the 

highly permeable sand, of 20 to 
25 per cent. porosity, without affecting the equally well saturated pay of 
lower porosity in the upper part of the sand. 

The problem thus encountered was to try to develop a method for 
making the water move through the beds of low permeability. It seemed 
impractical to flood both types of sand separately so it was decided to 
drill an experimental five-spot flood south of the first five-spot, which 
would not be in any way affected by the first flood, and to delay the 
drilling of the oil wells for a period after the water had been let into the 
sand, which was to be determined from the analysis of another core. 
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_ The idea of delaying the drilling of the oil wells in a five-spot flood. 


is based upon the fact that the sand body in the five-spot square possesses 
a definite and fixed capacity to hold fluid. As long as a constant pressure 


is maintained on the sand, each individual bed of the sand body will 


absorb water in proportion to its relative permeability. Experimental 


investigations have shown that the capacity for penetration is not directly 
proportional to the pressure; 7. ¢., as the pressure is increased there is 
not a constant and proportional increase in water input. Ina sand such 
as the one in which delayed drilling was first tried, if the pressure is 
increased to the point where the sand of lower porosity will be flooded 
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Fic. 7.—WATER AND OIL PRODUCTION OF DELAYED FIVE-SPOT IN COMPARISON WITH 
WATER AND OIL PRODUCTION OF ORDINARY FIVE-SPOT. 


within a reasonable period of time, the high-porosity sand will take so 
much water and will flood so much faster that it will soon become uneco- 
nomical to handle the large volume of water coming into the producing 
well, and it must be abandoned before the effects of the flood moving 
through the tighter sand will be noticed. If, however, the high-porosity 
pay in the lower part of the sand were completely saturated; that is, 
its capacity to hold fluid attained, and if the intake wells were forced 
to continue taking water by the application of additional pressure, the 
water would obviously have to start moving through the sand of 
lower porosity. 

The results from this first experiment have been most gratifying. 
Not only was it found possible to saturate the sand with fluid to the point 
where it was impossible to put any more water into the sand, but the 
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Taste 3.—Comparative Results of Delayed Five-spot and Ordinary Five- 


the results obtained from the first five-s| ot, 
accomplished its purpose in forcing a messhiaeta re 
throughout the entire sand body. The production curves. S 
types of floods are shown in Fig. 7 and an analysis of the resul 
from them is given in Table 3. 
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Delayed drilling has already increased the oil recovery on this property 159 
per cent. and decreased the water production per acre 140 per cent. in approximately — 
one-half the operating time. 4 


F Total 
5 Total Oil 
Time Wai 
| Flood Has| Ate2 of | Recovery | Recovery | produced | Produced 
Rechiial 5-Spot, from 5- | per Acre, | om 5- | per Acre, 
Operation Acres Sp Bol. it, B 
bl. 
Hirsb(5-SpObs cris ails stolen sles 23 months 1.43 1,815.35 1,269.4 6,350.0 4,440.5 
Delayed 5-Spot............. 12 months 2.06 6,784.00 3,293.2 |- 3,797.1 1,843.2 


This first delayed flood, of course, has not yet reached a point where 
the ultimate recovery per acre can be exactly calculated. It is possible 
that it may not produce the oil indicated from the cores, but even if 
this recovery is not attained the success of the experiment is assured, 
for a previously unsatisfactory property has already been changed into a 
profitable investment. 

The most obvious application for delayed drilling is upon properties 
where the porosity of the sand is decidedly variable. Under such condi- 
tions, the results from this one field experiment indicate that an increase i 
in recovery of over 100 per cent. may be safely anticipated. Studies of 
cores taken in watered-out territory show that even in fairly uniform 
sands flooding action is far from efficient, and it is the writer’s opinion 
that delayed drilling can be used to advantage under almost any condition, 
although there are few data to substantiate this idea. 

The increased recovery that may be expected from delayed drilling 
is not its only advantage. Operating costs should be reduced, for the 
productive life of a delayed well will probably be much shorter than an 
ordinary five-spot well. In addition, it seems possible that delayed 
drilling will afford a control over production which is impossible under 
the present system of development, where the oil is pumped as fast as 
it comes into the hole. There seems to be no necessity for drilling the 
oil well immediately after the sand has been completely saturated, if 
market conditions are not favorable, and this potential production could 
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be securely held until a more opportune time, when it could be made 


almost immediately available with a material increase in profit to the 


producer. , 
Delayed drilling presents certain operating problems which are not 


- encountered in ordinary intensive development. All old wells must be 


plugged in order to prevent any relief in pressure and, if the flood is 
drilled along a property line, arrangements must be made to delay the 
drilling of offset wells. It seems highly important that a uniform input 
of water be maintained through each intake well, for if the oil is not 


‘concentrated in the center of the five-spot it is questionable whether it 


can all be fully recovered. It should be appreciated that the production 
curve of delayed wells closely resembles the production decline curve 
of wells in a new field, and consequently a delayed flood should be 
equipped with the best material and machinery and sufficient tankage 
should be provided to care for a daily production far in excess of the 
production that might be expected from an ordinary flood. 


CoNCLUSION 
It is rather difficult to appreciate fully the effect of water-flooding 


’ upon the Bradford and Allegany fields. Prior to the general application 


of water-flooding, properties were sold on a strictly production basis 
regardless of their acreage, or even for their junk value. The value of the 
Bradford and Allegany fields, based upon present-day prices for acreage, 
can be safely estimated at $350,000,000. Water-flooding has established 
a reserve of approximately 600,000,000 bbl. of recoverable oil in these 
fields, which would never have been obtained by natural methods of 
production. At the rate of their present production, a future life of 50 
years seems assured. Hach increase in the efficiency of water-flooding 
will have a material effect on prolonging the life of these fields by making 
more oil available to meet the demand for Pennsylvania crude. 

The water-flooding of oil sands is by no means restricted to the 
Bradford and Allegany fields. Experimental water floods are in opera- 
tion in many other fields in Pennsylvania, with variable but in general 
rather encouraging results. There are undoubtedly many sands in the 
Appalachian fields that could be adapted to water-flooding and con- 
sequently a much wider application of this method for increasing oil 
recovery may be expected in the future. 


DISCUSSION 


H. H. Hiu,* New York, N. Y.—Mr. Torrey raised one point in his paper that I 
would like to have comment on; that is, delayed drilling, saturating the sand with 
water and later producing the oil. The idea has been prevalent for years that in 
many old fields wells should not be shut down on account of the water. 


* Petroleum Engineer, Standard Oil Development Co. 
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- P. D. Torrey.—There is one bearing that I did not comment on, that the pro- 
duction curve of delayed drilling wells is going to be different from the production 
curve of the ordinary five-spot. In sands of much higher permeability than the 
Bradford, it might be possible to get gravitational separation and segregation of oil 
and water, which apparently we have not found in the Bradford field. 


H. H. Hiru.—Take the Bartlesville sand wells in Oklahoma, for example. Every- 
body says those wells should be operated continuously because otherwise the water 
will drown them out. Will the water in the sand help to drive out the oil? 


P. D. Torrey.—That will depend on whether there is an outlet. It seems that 
in so far as experiments have been made in Bradford, letting the well stand would 
have no harmful effect on it there; but I would hesitate to apply that to other sands 
and formations with which we are not so familiar. 


ME Brewster,* Bradford, Pa.—In delayed drilling the producing well is not 
drilled. In other words, take a five-spot; there are four water wells into which water 
is put to force the oil to the center, but there is no oil outlet; therefore, no migration 
of water through that to the point of production. In the Bartlesville field, if the 
wells are shut down the water can go through one stratum of sand, and then might 
backflow into another stratum. 


* General Manager, Belmont Quadrangle Drilling Corpn. 


Chapter VI. Valuation Methods 


Valuation of Flood Oil Properties* 


_ By Evucsne A. SrepHensont{ anp I. G. Grerrum,{ Pirrspureu, Pa. 


(New York Meeting, February, 1930) 
ABSTRACT 


Tue flooding process was originally the result of accidents to casing 


and tubing, but it has gradually passed from an accidental condition to a 


definite engineering procedure. In spite of the general sheetlike char- 
acter of the major sand body, the position of shale bands, their thickness, 
the size of the grain and variations in effective porosity all give the sand 
different characteristics in different layers and in different places in the 
same layer. This condition has an important influence on the movement 
of flood oil and water, and on the yield per acre, as well as a bearing 
on what shall be considered the best method of handling flood wells. 

A valuation takes into consideration six factors: (1) Flooding methods, 
of which four have been in common use, as follows, in order of effective 
recovery, (a) circular flood, (6) line flood, (c) five-spot and (d) five-spot 
with delayed drilling; (2) recovery per acre, which is definitely related to 
the oil content, the porosity, the method of flooding, the spacing program, 
and the continuity of the water supply; (3) the rate of production per 
well per day, which is definitely related to the method of flooding, the 
oil content and the porosity of the sands; (4) the operating cost of the well, 
including royalty, overhead, taxes, etc. (Operating costs are usually 
expressed as unit cost per barrel.) ; (5) the expected price per barrel. It is 
safer to use the average price over a number of years than to attempt to 
forecast future price fluctuations. 

The discount factor (the sixth factor) used in appraisal of Bradford 
flood properties should be less than that commonly applied to other 
properties, because the hazards of operations have been reduced almost 
to those of a manufacturing industry. 


* This paper is available at the office of the Institute as Technical Publication 


No. 323. 
+ Associated with Ralph E. Davis, Engineer, 
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DISCUSSION 


S. C. Herotp,* Los Angeles, Calif. (written discussion).—The authors remind us of 
a question which may be raised concerning the meaning of “‘recovery of oil per acre.”’ 
The expression is probably inherited from the mining industry. It is a simple matter 
to conceive of 10,000 tons of ore per acre, but how shall we form a definite concep- 
tion of 10,000 bbl. of oil per acre? Oil flows. In hydraulic and volumetric controls 
a hole 20 sq. in. in area can produce all the recoverable oil from an area of, say 
10,000 acres, given a proper location on the structure and sufficient time on produc- 
tion. Does the fact that an operator owns 1, 5, or 100 acres mean anything in particu- 
lar with nature? In capillary control the drainage space by natural flow is a circular 
cone, while in forced drive operations the space is an elliptical prism, yet property 
is generally bounded by straight lines placed without regard to this drainage. The 
expression seems to have no definite meaning unless the amount specified pertains 
to the area actually drained and the space actually drained by the well or wells. 

E. A. STEPHENSON and I. G. Grerrum.—The use of the term ‘‘recovery of oil 
per acre”’ has come to have a specific meaning in flooding operations and applies to 
the total quantity of oil which has been recovered from any particular tract whose 
flood cycle has been completed. For example, if a tract of 25 acres has been flooded 
out and the oil recovered from the wells on this tract total 100,000 bbl., the recovery 
per acre is considered 4000 bbl. Whether or not complete drainage of all of the 25 
acres has taken place, we do not know, although the probabilities are that undrained 
areas still exist. However, this does not change the fact that 4000 bbl. per acre have 
been recovered during the term of flooding operations. 


* Petroleum Geologist. 
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Mechanics of a California Production Curve 


By Sranutey C. Heroxp,* Los ANGELES, CALIF. 
(New York Meeting, February, 1930) 


ONLY two years ago there appeared in our technical magazines articles 
wherein it was shown that the application of back-pressure increased 
the ultimate production of a well, that edge water can be stopped in its 
encroachment by the injection of gas into the productive formation, 
with the consequent conservation of energy within the pool, that gas 


is the source of all energy involved in oil production, and that each pool 


has a definite minimum-valued gas-oil ratio to be attained for the most 
economical operation of wells. Today we are not so certain of these 
matters. Probably in some fields, under special circumstances, these 
ideas are correct, but certainly they must not be correct in all fields, 
under any and all circumstances. The nature of the productive structure, 
the location of particular properties on the structure, the existence of 
adjoining neighbors, whether these are higher or lower on the structure, 
and the methods of production followed by all operators on the structure, 
sand for sand on depth, make these subjects worthy of full consideration. 

Our difficulties in analyzing and comparing the performance of 
reservoirs in various parts of the world do not rest solely upon structural 
features and property lines. We do not complete the list of causes for 
these difficulties if we add lithologic features and correlation of strata 
encountered by the drill, with the magnitude of pressures exerted by 
fluids within any of these strata. A further cause, one which the 
author believes will complete the list, is one involving the theoretical 
mechanics of fluids within porous formations—porous in the nature of 
interstices in sandstones and some limestones, networks of fractures in 
shales, and cavities in otherwise compact limestones. 

The confusion of ideas concerning reservoir mechanics still with 
us today seems largely due to our failure to recognize among all wells 
three great divisions of theoretical mechanics, three great systems which 
are distinct in themselves, and according to which each well, or better, 
each group of wells, must be analyzed separately. These systems have 
been named by the writer Hydraulic Control, Volumetric Control and 
Capillary Control, respectively.! Wells in these controls behave dif- 


* Petroleum Geologist. 
1S, C. Herold: Analytical Principles of the Production of Oil, Gas and Water from 
Wells. Stanford Univ. Press, 1928. 
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ferently, aad they must be handled ie eta the 
in production practice, taking into consideration the other f 
F structure, property lines, lithology, correlations, pressures, a val 
: addition, any peculiar conditions displayed by the individual wells 
; any group—conditions that make them appear to be different from a 
; other wells in the world. Fa < 
If we will recognize the existence of these three controls, our probegie os 
: in petroleum engineering will be simplified. Perhaps some engineers 
today will not agree that the introduction of theoretical mechanics inta. 4 
petroleum engineering is a lead to simplification. The author has known 
theoretical mechanics as a difficult subject for several years; consequently 
he is inclined to be patient with those who complain about it, knowing 
that not yet is he himself 100 per cent. proficient in it. 


CALIFORNIA WELLS 


So far as the author knows, all wells in California are in hydraulic 
or volumetric control.2. These controls can be illustrated by tanks for 
liquids (reservoirs of the open type) and by tanks for gases (reservoirs of 
the closed type). Where a rate of inflow of fluid equal to the rate of out- 
flow is provided in these tanks, there is hydraulic control, and where a rate 
of inflow is either zero or less than the rate of outflow, there is volumetric 
control. With these California wells for the present may be included 
any other wells in the world where the oil is produced from formations 
post-Cretaceous in age. 

Wells in the Mid-Continent and Eastern fields are in capillary control. 
This control can be illustrated by a Jamin capillary tube. With these 
wells for the present may be included any other wells in the world where 
the oil is produced from formations pre-Cretaceous in age.® 

- Back-pressures, offset wells and gas injection do not-have the same 
effect in capillary control as in the other two controls. If we read 
articles written by engineers whose practice is confined to the Mid- 
Continent and Kastern fields, the features which they illustrate, and the 
methods which they find to be efficient, may be entirely inappropriate 
as applied to California fields. The reverse is equally true of the work 
of engineers in California as applied to Mid-Continent and Eastern fields. 


2 Information at hand respecting Coyote Hills and Brea Canyon fields indicate 
that these may be in capillary control. For the present, they should be considered 
as possible exceptions. 

3 Wells with production from the Cretaceous may be in any one of the three con- 
trols. This classification according to geologic age is offered only as a tentative one. 
The control is a feature in mechanics, and if there happens to be an alignment with a 
geological division, it is incidental. Older porous rocks are more compact, or more 
firmly cemented, and their surface exposures, when present, do not appear at eleva- 
tions sufficient to furnish a fluid head capable of overpowering Jamin action in the 
compact formation. 
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Type RESERVOIRS 


The principles of production are usually explained by means of 


- illustrations or diagrams of artificial reservoirs—tanks either for liquids, 


for gases, or for both of these fluids. The reservoir may or may not 
contain sand to approach more nearly the situation as we know it to 
exist in many natural reservoirs. This method of expounding such 
principles is a good one, provided the proper sort of tank is used for the 
purposes of analogy.. We cannot inspect in person all parts of a 
natural reservoir; we can only sense its characteristics at large by means 


_of geological inference. Here it is easily possible to go wrong by selecting 


an improper type of tank for illustration. 

A natural reservoir in California should be assumed to be a reservoir 
of the open type—one open to the atmosphere at some place other than 
at the well or wells where production is taking place—unless it can 
be proved by test in the field (and not by geological examination) that 
production comes from sealed lenses, or that the reservoir is one in 
capillary control. While these two exceptional situations may exist 
in this state, they may be ruled out for the present, in view of the fact 
that there is no absolute proof of their existence. From a geological 
point of view, the author accepts the fact that lenses exist in some of 
our formations. How well sealed they may be from a mechanical point 
of view is not known. It is certain, however, that most of our produc- 
tive reservoirs in this state are reservoirs of the open type. Hither the 
productive formation itself outcrops, or it is in communication with 
the surface by a fault or fault zone which reaches the surface directly 
or reaches a porous formation which does outcrop. The encroachment 
of edge water upon the pool at large is a proof of this fact, for such 
encroachment cannot take place in a reservoir of the closed type—sealed 
lenses and reservoirs in capillary control, as mentioned, wherein such 
reservoirs are not open to the atmosphere at some place other than at 
the well or wells where production is taking place. 

For the purposes of analyzing production in California, a tank system 
as shown in diagram in Fig. 1 is offered for consideration. The surge 
chambers contain air before the tank is filled with water. With the 
valve closed at the right, and with the tank filled to A, the air in these 
chambers occupies one-half its previous volume; the water line stands 
along a line B. 

The air in the chambers possesses energy—energy derived from the 
water that is compressing it. It has no mechanical energy that can be 
said to be intrinsically its own, for that which it has is due entirely to 
the water. If we should connect one or more of these chambers with an 
air compressor, the best we could do would be to increase the head by the 
amount B to C. Thereafter air would simply travel to the tank and 


escape through the water. 
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Fic. 1.—WaATER TANK, FLOW LINE AND SURGE CHAMBER SYSTEM, WITH ‘PRODUCTION 
CURVE. 


by the air in the chambers; all work is now performed by the water; 
A lowers in accordance with production and B’ lowers correspondingly 
with A. At a position A’ we find a gradient such as the lower line at 
B’. The air in the chambers now expands only to accommodate itself 
to lowered pressures exerted by the head of water. The system produces 2 
solely by water drive, and the data of production gives us the straight + 
inclined line NO. 

It is worth while emphasizing here the fact that mere expansion of 
air does not imply work performed. Air can expand without performing 
work. If it does work it loses heat and drops in temperature; otherwise 
it retains its heat. Heat energy converted into mechanical energy is a 
measure of the work performed. Many writers make the mistake of 
assuming expansion alone as a measure of work performed.‘ 


* The gas-lift involves the expansion of gas. The mere expansion is not a measure 
of the work performed in lifting the oil, but the loss in heat suffered by the gas on 
expansion is such a measure. 
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It turned, however, to C in a direct line for zero production at 
1929. Inasmuch as the productive formation contains both oil 
. | gas, and as the gas can act in the manner of the air in Fig. 1, we are 
justified in claiming that AB represents production on gas expansion, 
- where edge water, if it moves at all, moves very little, and that BC 
_ represents the water-drive, where water is alone in causing production; 
consequently where edge water must encroach upon the pool before the 


Soil, can be obtained. 


Be Spall 
p 1600 
Sisal) \ 
_ &_ 1400 \ 
x 1300 


\ : Gas Expansion ~ 


Water Drive 


Economic Limit 
me Conversion En eit 
i 


Qi ---------8- 


cs 
‘Ol ( 
& & a x RB & 9 St i, fe 8 s 
Ota gate aS ls pal Sil pie el Beye Bil 
> ey 3s Lic) A) y 2 ~~ Uv s o 
5 Pieler ss aS Eers, ee es. | Saree SE ree Shag See 
Time in Weeks 


Fia. 2.—A CALIFORNIA PRODUCTION CURVE 


There is a difference between the systems of the two figures to be 
q fully recognized. Air in the surge chambers stays where it is during the 
4 process of production, expanding as already noted. Gas in the Bixbee 
zone travels toward the well. Though the surge-chamber effect applies as 
well to one system as to the other, the “chambers” in the natural system 
are within the zone itself. In either system, the expansive fluid at a 
fixed distance from the orifice attains a state of equilibrium in accordance 
with the kinetic pressure gradient (a quadratic hyperbola in the natural 
system), and whether it is the same fluid or continually new fluid which 
adjusts itself to this gradient makes no difference. Expansion takes 

place without the performance of work. 
It must be admitted, of course, that a continual supply of gas will 
furnish the energy for a gas-lift if the wells are properly equipped for it. 
But we are considering here the mechanics of the reservoir interior up 
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to and including the “orifice” at the atu of ae well ant 

mechanics of any “heat engine”—which a gas-lift is—exterior 1 g 

an orifice, within the vertical hole of the well.® ar hs 
At Jan. 17, 1929, the conditions of production were Se acatee pilerod 


es 


Natural flow at many of the wells had reached an undesirable low 


point, and one well after another was placed on gas-lift. On account of | 
the erratic nature of the subsequent data of production, the author has 


chosen to use imaginary data after the point C was reached, considering a 
all wells to be treated simultaneously alike. The lift raised the curve, — 
we will say, to D. This established a new condition for the surge cham- 


bers within the zone; the gas was able to expand and perform work once 
more, in order to establish a new kinetic gradient. The production 
curve takes a path DE parallel to AB, where it meets at E a line EF 
parallel to BC, whose position is determined by observation on March 7. 


Gas INJECTION 


If we suppose gas injection to have been installed at the time the 
wells were placed on lift, the rate would have been raised to some point 
D’, and if the injection is properly regulated a horizontal straight line 
out from D’ is for a time possible. By connecting the surge chambers in 
Fig. 1 with a compressor, we can raise temporarily the rate of flow 
from the orifice, because of friction in the line from the tank. Clearly 
our line would soon fill with air and we would get no more water. The 
same thing seems to happen in a system such as the Bixbee zone. We 
would fill the zone with injected gas and eventually cut off the oil. 
We would in the first system hold back the water in the tank and 
in the second likewise hold back the edge water. It is easy to see, of 
course, that by holding the edge water those wells in the zone located 
just within the edge of the pool are maintained in oil, whereas they would 
otherwise go to water. 

Location on structure with respect to neighboring properties plays 
an important role in the case of injection in this state. If there are no 
neighbors, no losses are suffered by injection; all is on the credit side 
on account of an increased rate of production from the output wells. 
But in Long Beach all operators have neighbors. 

Where wells are producing from reservoirs of hydraulic and volu- 
metric controls, the gas is free to slip around through the zone in accord- 
ance with any upward trend of the formation on structure. The injec- 
tion of gas on the top of the structure places large bubbles at the top, 
and these, of course, tend to remain there. On the other hand, gas that 
is injected on the flank of the structure tends to move up to the top, 


* Engineers are now recognizing the fact that the gas-lift is a mechanism apart 
from any directly related to the theoretical mechanics of the natural reservoir, and 
that the two features must be analyzed and considered separately in the field. 
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being aided in its movement by radial flow toward all wells in the zone. 


It is possible to sum up the consequences of injection in reservoirs of 
this type as follows: 


_ Location on Top of Structure.—Replacement of oil by gas in the zone 
underlying the property. Maintenance of edge water down the flank 
so that neighbors stay in oil. Loss of gasoline by injecting gas sufficient 
to extend to adjoining wells. Increased rate of production from out- 
put wells. 

Location Down the Flanks of Structure —Creep of injected gas upward, 
carrying its gasoline, to the neighbors on the crest. Maintenance of 


edge water off property lines. (Important in edge properties.) In- 


creased rate of production from output wells. 

Obviously it is a proposition of “give and take” in either case. It is 
impossible to say offhand whether or not the gains offset the losses with 
a particular piece of property. If we have the data of production before 
and after injection, with the data of injection itself, also the contour 
map of the zone, showing the respective property holdings, it seems that 
a satisfactory conclusion concerning profits and losses incurred by 
injection can be deducted. 


Tue CLEAN-UP 


In considering the zone as a unit, disregarding property lines within 
its area, all gas supposedly stored by injection within the productive 
horizon must come out before the zone is finally abandoned as depleted. 
Water must be allowed to replace the oil of the pool. Nature is flooding 
the formation for us. She sweeps the oil horizon clean—cleaner than 
many of us familiar with conditions in capillary control are ready to 
believe. If we attempt to replace oil with gas we can not sweep the 
horizon clean. Globules of oil will remain within the formation. (The 
author’s estimate is 20 per cent. of the pore space to remain filled with 
oil.) With water there are no globules left behind. The grains remain 
“‘nainted with oil,’ but this paint is not liquid, any more than the paint 
on a house. It is held to the grains by adsorption; its presence is never 
reflected in the production curve, for it does not move toward and out 
of the well. 


PuMPING THE WELL 


Returning to Fig. 2, we may imagine production to proceed to F, 
where the pumping stage is reached. While the gas-lift removed only a 
part of the weight of the oil column off the bottom of the hole, a pump 
can be arranged to remove more, if not all of this weight. The process 
at CDE is now repeated at FGH. An observation on June 13 establishes 


the position of HJ. 


If, in Fig. 1, we were mt comers et ana Pte 4 
tank, A would immediately proceed to move upward or ( 
assume a level where the rate of outflow just equals this rate | 
A system previously declining in volumetric control thus i is convert 
one which does not decline in hydraulic control. Where the e im 
production changes from a straight inclined line to a straight horizon al 
line there is a point designating a ‘‘conversion of control.” aee. 

The Bixbee zone is in communication with the surface—exactl: 
where, it is not possible to say.6 Presumably water can and does enter ee 
the zone from the surface, as it is known to do at the Kern River field. Ms 
Then at some point J or M on the production curve, the rate of produc- 
tion will travel along a straight horizontal line, conforming to a conver- 
sion of control. The total rate from the zone will just equal the rate 
of inflow. If winters are comparatively dry the rate will lower, and if 
they are wet, the rate will rise, as it does in the Kern River field. a 

It is not suggested that such a conversion has already happened : 
at Long Beach, Bixbee zone. Perhaps D and G are too low, placing J 
and M too far to the left according to the dated axis. Subsequent to — 
C the curve has been entirely imaginary. Of course, any inadvertent 
shifting of dates will not affect the present argument. 

It cannot be said in advance whether the conversion will take place 
at I, above a line KL representing the economic limit of production, or at 
M, below such a line, because the rate of inflow is not known. To deter- 
mine the fact we must await observation on the behavior of the well. 
If the curve does not proceed to the axis, as shown on October 24, we > 
can be assured that there is conversion, and the observed rate gives 
the position of the horizontal line. If the point. of conversion is below 
KL, the remedy is simple. We need only shut in all wells except a few 
at the crest of the structure, raise the rate in this manner from M to N, 
and take out the remainder of the oil in the pool. 

The pool diminishes in size to the last; water continually advances. 
Even top wells must eventually show edge water. At J it is shown to J 
have reached a stage near the finish. More and more water comes to 
the well; in the end an inclined line (not necessarily straight as repre- 
sented) reaches KL and we are finished with the zone. For the Bixbee 
zone, such a point as J, whether on the elevation of J or N, should more 
properly be placed 10 years or so to the right of the position shown. 

It is on this horizontal line representing the final cleanup that all gas 
once injected into the zone comes out to allow replacement by water. 


6A measurement of the closed-in pressure when the zone was first put on. pro- 
duction would have given the location with respect to elevation above the sea. This 
elevation might have given some clue as to the probable geographic location. 
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With injection, as at D’, the curve of production becomes somewhat 


_ erratic, for nature is thrown off her intended path. In the final stage the 
line KL is reached sooner but the curve is held higher. The area sub- 


tended by the curve is the same with or without injection, since this 
area represents oil taken out of the pool. 
~ We have not made oil by raising the curve; we have realized profit at 


a greater rate, and this is not to be ignored. The ultimate production 


is not affected by injection.’ We dodge the economic limit when we 
come to it. It is safe to assume that the few barrels of oil finally left in 
the zone will be the same in number whether injection is or is not used. 


RAISING THE CURVE 


If areas subtended by curves represent oil taken out, we should, in 
the presence of neighbors, raise our curve as soon as possible, taking 
into consideration all the economic questions necessarily involved. 
Truly, nothing is gained on our neighbors if we all do the same thing 
with our wells—we only change our rate of income when we act in unison. 
If a representative well in Fig. 2 were placed on the pump in the beginning 
the curve would be something like A’B’HI. B?’ lies to the left of B, for 
the action of the water-drive would come sooner. Correspondingly, 
any back-pressure applied to the well by flow-nipples would lower AB, 
make it flatter, and place B’ to the right of B. (This feature is not shown 
in the figure.) It is apparent that we should not hold our curve on AB 
while neighbors are holding theirs to A’B’; or that we should not hold our 
curve below AB by back-pressure while neighbors are holding theirs 
to AB. 

As with gas-lifts and pumps, back-pressures do not affect the ultimate 
production from the zone. They only extend the point J farther to the 
right, meanwhile permitting other wells to produce a greater portion of all 
the oil in the zone.® 


ULTIMATE PRODUCTION 


The ultimate production from any particular well is one thing, 
being dependent on its location on structure and the production methods 
employed at all wells in the zone, while the ultimate production from the 


’ entire zone is quite another thing. 


It is supposed that, inasmuch as a structure is not of perfect geometri- 
cal design, roof pockets will exist here and there, perhaps between wells, 
and if this is the case, injected gas will dislodge any oil in them and shove 
it to the well. Undoubtedly such pockets exist; any oil they may have 
mee emieee Mein Sessa yiermeirn eee ee 


7 Injection does affect the ultimate production from wells in capillary control, and 
injection in this case would be termed more correctly “‘a forced drive by gas.” 
8 Statements in this paragraph must not be construed as applicable to wells in 


capillary control. 
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had has been replaced pads by gas hile aes been libere 
solution on the decrease of pressure in accordance with a kinetic E 
gradient established by the adjoining wells during the notre rep 
by AB in Fig. 2. . sa 


Gas-o1L Ratios 


A great deal has been written and said about gas-oil ratios of (Pe z 
The significance of those ratios may be one thing in California and other | 
fields wherein a water-drive is substituted for gas expansion, and another 
thing in the Mid-Continent and Eastern fields wherein gas expansionis 
the exclusive agent of propulsion.® In view of the foregoing analysis — 
of a production curve in California, the author offers the following 
interpretation of gas-oil ratios applicable here, realizing that the picture © 
as presented may not be complete, and in consequence may not be 
exactly fair. The subject is a complicated one, and all facts concerning 
it cannot be learned in a brief time. Bei 

During the period of gas expansion, gas-oil ratios are of importance. 
If this gas were allowed to escape, AB would be inclined more steeply, 
B would be located on the same line BC extended to the left of the posi- 
tion shown. The water-drive would come into action sooner, and the 
area under a definite portion of the curve such as ABC would be smaller, 
representing less oil produced previous to January 17. During the 
water-drive gas-oil ratios have no significance to which any value may 
be attached.” During the gas-lift stage they have no significance except 
the one requiring the addition of more gas for the lift in case of a deficiency. 
During the pumping stage they have no significance except for the fact 
that the gas must be bled off in case of an excess, so that oil can enter the 
pump chambers properly. 

Finally, during injection, gas-oil ratios have a significance of value. 
They show how much gas there may be injected in excess of that actually 
needed. They indicate how much gas is being ‘‘stored” temporarily in 
the productive zone, to be drawn off at a later time. : 


A Test In MEcHANICS 


As stated in the beginning, this problem concerning the mechanics 
of a California production curve as here presented depends on the fact 
that the zone constitutes a reservoir of the open type. Long Beach, 
Santa Fé Springs, Dominguez, Kern River, Coalinga, Kettleman Hills 


* This is a fundamental difference between reservoirs of the open and closed type 
respectively; that is, between hydraulic and volumetric controls on the one hand, 
and capillary control on the other. If there are mechanically sealed lenses these are 
of the closed type, but in volumetric control. Gas-oil ratios have more or less the 
same significance here as in capillary control. 

As before, the gas-lift is considered as a problem apart from the problem of 
the reservoir, In the gas-lift the ratios have continual significance. 
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and Ventura fields have reservoirs which are undoubtedly of this type. 
For possible exceptional cases the following test is suggested, in case 
_ determinative data are not already at hand: 


Pump up the reservoir at one well with gas, stopping pumping opera- 
tions from time to time in order to allow an attached pressure gage to 


wells which should be closed.) 

1. If the curve obtained by plotting pressure against volume pumped 
in is a straight horizontal line, the reservoir is of the open type. 

2. If such a curve is a straight inclined line, the reservoir lies within a 
lens which is entirely sealed from a mechanical point of view. 

3. If such a curve is a parabola, the reservoir is one in capillary control. 

In making such a test we should allow for an erratic behavior in the 
beginning of operations. We may increase the head a little in case 1 
by shoving the free surface of oil down the structure, a phenomenon 
corresponding to an increase of head from B to C in Fig. 1. Again, we 
may set up a high resistance due to Jamin action in the vicinity of the 
well, by filling an excess of pores with gas. Beyond a reasonable dis- 
tance the introduced gas pushes oil against bubbles already existing 
within the formation, compressing them without adding to their number. 


FoRECASTING PRODUCTION 


Well records in California frequently show a general feature like 
the bend in the curve-section ABC. Such a bend may not be sharp 
at B. Perhaps the gas-lift action is undergoing a change which grad- 
ually increases the weight of the vertical column of oil bearing on the 
bottom of the hole, tending to round off the bend. At other times we 
deliberately round off corners of curves by eye, with the idea of averaging 
the situation. 

It frequently happens that the progressive development of a new 
zone, especially where property holdings are small, causes AB to fall 
more rapidly than it would otherwise. The section of the curve in this 
case is not solely reflecting the surge-chamber effect. The drop due to 
new wells is one that would take place in the complete absence of gas. 

The records of many wells in this state show an unbent straight 
line. We can only decide here between sections AB and BC according 
to the gas content of production with oil. 

The lifting of the curves by gas-lift and pump should not be ignored 
in forecasting. ‘The section of the curve from B to I should not be 
smoothed out; it would be better to raise the curve abruptly, parallel to 
itself. 

The production curve method seems to be entirely appropriate 
so long as conversion to hydraulic control has not taken place. Fore- 


we ee ae 


_ come to rest. (Incidentally note any changes in pressure at adjoining 
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casting after conversion must ey dened 
with data on encroachment up the flank. 
The entire curve from A to J if entirely sig eael out 
the appearance of a hyperbola, except for the cutting of on 
the left. The use of a hyperbolic equation, and the use of an exponentia 
"equation as well, for the purpose of forecasting is proper, but cole 
on account of convenience. It must not be supposed that either 
hyperbola or exponential curve has any significance pertaining to | tl 
mechanics of production. 
In forecasting production from any group of wells, conte : 
more weight should be given to recent data than to earlier data. Some- 
times it is preferable to ignore the earlier data completely. We have — 
relied too strongly upon the idea of a “family curve’ of production. 
The curve undoubtedly has some significance, but not the universal 
’ significance frequently attributed to it in the past. 


—— 


DISCUSSION 


A. H. But,* Los Angeles, Calif. (written discussion).—Mr. Herold infers that the 
ultimate production of a pool is not increased by gas injection. This is apparently 
based upon tests made with air and water in small equipment, which overlooks three 
important factors in actual field practice: (1) gas used for injection is soluble in the 
oil in the formations; (2) the encroaching water is not soluble in the oil; (8) the sands 
and shales through which the oil, water and gas must travel prevent their performance 
according to theoretical rules. 

When gas is injected into an oil sand at pressures from 500 to 1500 Ib. per sq. in. 
this gas is partly absorbed by the oil, so that as it travels toward an area of low pressure 
the reconversion to the gaseous state causes acceleration and a drive of the more 
sluggish particles toward the well. In addition, and of lesser importance, the solution 
of gas and oil has a lower viscosity and is retarded less by the sand in its movement. 

The tendency of water to ‘‘come up” at a well and cause production of clear 
water while oil is retained in the areas between wells has been established in Cali- 
fornia and it is very doubtful whether the natural edge-water drive under actual A 
field conditions, without injection, cleans up a sand as well as Mr. Herold believes. - 
By holding the pressure in the sand with gas injection the chances for stratification 
necessary for complete removal of the oil are enhanced. The undisturbed areas 
between wells must be thrown out of balance by some outside media in order to ac 
secure a complete removal of all oil in the pool, and injection offers the best means 
at present for this purpose. 

The encroachment of water upon the sides of a structure does not occur as a ; 
level and even movement as it would if oil and water only were put in a vessel in the 
laboratory. The differences in porosity cause more rapid encroachment of water 
between certain layers of shale, with the result that the wells may go to water in 
the middle of an oil measure, with clean oil remaining above and below. Due to the 
reduced friction of the water through the sand, this water will have a higher head 
than the oil, although both are backed by the same edge water. Injection may be 
used effectually to increase the pressure in these oil zones so as to counteract the 
pressure of the edge water and allow considerable oil to be produced that would other- 


* Production Engineer, Continental Oil Co. 
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theoretical, but have been actually encountered in California fields similar to 
Herold’s examples. 


sf __F.G. Ticxett,* Stanford University, Calif. (written discussion).—Mr. Herold has 
E defined?® ‘‘capillary control” as operative under conditions where external pressure 
on the fluids in the reservoir is not sufficiently great to overpower the resistance due 


pressure of edge water is stated to be capable of overpowering this resistance. One 
condition is claimed to be exclusive of the other. 

In the present paper, Mr. Herold apparently claims that a California well starts 
in capillary control and abruptly changes over later to volumetric control. 

Granting, for the purpose of simplifying this discussion, that internal resistance 
in an oil and gas sand is due to the Jamin effect, and that edgewater head is the source 
of the pressure in all California reservoirs, it does not seem to be demonstrated that 
: the period of production up to the time of application of the gas-lift, as illustrated in 
Fig. 2, is a discontinuous function, composed of the essentially straight limb of a 
‘- hyperbola on the left side and of a straight line on the right side. It seems more 
oe probable that production is principally actuated at the start by gas expansion, but 
___ that this influence gradually diminishes and the effect of water encroachment gradually 
increases, with time. Certainly the rate of depletion of gas pressure is somewhat 
retarded by the slowly encroaching edge water. There is no reason for assuming 
that the edge water part of the sand has as great permeability of an oil-reservoir 
part, but it must be permeable to some degree, and the edge water must start to 


aa encroach as soon as pressure is relieved within the reservoir. 
; The most probable condition, as stated elsewhere," is that the control is a com- 
Ze bined one and that unaided production is a continuous function of time. From an 


inspection of Fig. 2, it is no more evident that two curves should be drawn through 
the first 17 of the plotted points than that one curve should be drawn. From a 
practical standpoint, perhaps, it does not matter whether we draw one curve or two; 
’ but for an explanation of the mechanics of a production curve, the distinction is 


worth while. 


S. C. Heroxp (written discussion).—One condition is claimed to be exclusive of 
ss the other on the grounds that in one case the hydrostatic pressure is able to overpower 
a the resistance due to bubbles and in the other it is unable to do so. Evidently Mr. 
‘a Tickell believes that a situation may prevail wherein ‘“able”’ and ‘‘unable” con- 
; ditions exist simultaneously. Such a situation appears to be unreasonable and con- 
trary to the law of the excluded middle in logic. The force of the water is either able 
or unable to push all oil and gas toward the well; it can be both able and unable to do 
so at any one instant. The idea of a combined control is an absurdity. 

a - Tt has been admitted that conditions may change so that a force previously able 
: to overpower the resistance is no longer sufficiently intense to do so. This change 

provides for a conversion of control at some instant in the life of the reservoir. 
: There is no intention to convey the idea that a California well starts in capillary 
F control. It starts in volumetric control by gas expansion in the vicinity of the well. 
‘ Possibly Mr. Tickell confuses gas expansion in the two controls. There is such gas 


* Professor of Petroleum Engineering, Stanford University. 

103. C. Herold: Analytical Principles of the Production of Oil, Gas, and Water 
from Wells. Stanford Univ. Press, 1928, 417-418. 

uf, G. Tickell: Capillary Phenomena as Related to Oil Production. Trans. 
‘ A. I. M. E,, Petroleum Development and Technology, (1928-29) 343. | 
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: ; - to Jamin action. In volumetric and hydraulic controls, on the other hand, the external _ 
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expansion in both, but in volumetric control gas expansion is replaced by water drive, 
whereas in capillary control the well completes its history entirely on gas expansion. 

Mr. Tickell’s question regarding the possibility of a discontinuous function is well 
taken. It will be necessary to rely upon experiments with such an apparatus as 
described in order to answer the question. I believe there is clear and sufficient 
-evidence of a discontinuous function, although various experimenters may wish to 
regard such evidence differently. 

Mr. Tickell says that edge water must start to encroach as soon as pressure is 
relieved within the reservoir. Pressure, however, is not relieved instantaneously 
throughout the entire natural reservoir. Time is required for the release to reach 
the edge water. This is the time of gas expansion. 

Mr. Tickell says further that in Fig. 2 it is no more evident that two curves should 
be drawn through the first 17 of the plotted points than that one should be 
drawn. If we were to confine our analysis to one set of points alone, I believe we 
would not be justified in claiming two lines. As a matter of fact, however, any set 
of data from California wells shows the same feature. There must be a reason for 
it. Ihave given it one interpretation; if there is another equally logical, and equally 
proved by experiment, I trust that some one will state it. If this other interpretation 
seems better, I shall be happy to accept it and discard mine. 


Chapter VII. Miscellaneous 
Methods of Tubing High-pressure Wells 


By H. C. Orts,* Sareveport, La. 


(Tulsa Meeting, October, 1929) 


Durine the past year or two considerable time and money have been 
spent in developing equipment for tubing large-volume high-pressure 
oil and gas wells without loss of production. That the efforts have 
met with success is proved by the fact that any properly cased well, 
regardless of its production or regardless of its rock pressure or working 
pressure, can now be safely tubed with no appreciable loss of production, 
provided experienced crews handle the new equipment. 

It is conceded that a far better gas-oil ratio can be secured by flowing a 
well through tubing of a proper diameter—the diameter of the tubing 
depending, of course, upon the volume of fluid and gas and the depth 
of the well—than by the more usual method of installing a choke at the 
mouth of the well. Where possible it is becoming the practice to bring 
wells in through tubing, though in the majority of instances this is not 
feasible. In many instances it has developed, after a well has been 
brought in through tubing, that the tubing installed is either too large 
or too small for the most efficient operation or that the well had not been 
drilled deep enough. . 

The equipment described in this paper, in the hands of experienced 
men, permits the tubing of these wells after they have been brought in, 
with the size of tubing then determined by actual observation to be 
best suited for each particular well, and with no danger of the well getting 
out of control, of catching fire, of drilling itself deeper, or of any loss of 
production. The deeper the flowing production with the consequent 
future higher lifting costs, the more essential it is that the size of tubing 
used be such as to give the best possible gas-oil ratio. The ability to 
bring in these deep wells through the casing and then, immediately 
after their completion, regardless of volume or pressure, to tube them 
with the size of tubing that permits the most efficient use of the gas 
present will doubtless save many dollars. 

Usrs ror THE New EQUIPMENT 

The equipment permits a further step in the operation of wells where 

the conservation of gas is of major importance. Perhaps 3-in. tubing 


* Arkansas Natural Gas Corpn. 
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severe competition, the ability to tube the well for the use of air-lift 


oe 


will give the most Li en at ‘the ¢ 
well. After either the oil or the gas flow has dec 
214-in. tubing and later 2-in. tubing will be necess ) 
same gas-oil ratio. With the equipment described, , it is possi 
the tubing in the well; to snub it out of the hole and phon toi 


ra the workmen or ti the well. The reverse operation i is at times 
able. By agreement production may be curtailed to the point where 
tubing gives the desired ratio. Later, restrictions may be lifted so ia 
214-in., 3-in. or 4-in. tubing may be used. This desired change can be 
Fendi and safely effected. 

In other instances, where flush production is known to pass 0 7 
quickly and is followed by the use of air-lift, and where the field is ae 


before the natural flow has declined has a distinct value in that it permits 
the use of a gradually increasing amount of air or gas to augment the 
supply of gas in the sand asit diminishes—never permitting the flow of oil to 
stop. It is the usual-practice now to permit the natural flow to continue 
until it stops, then to tube the well and again start the flowinto motion with _ 
either air or gas. Theoretically and practically this practice of permitting — 
the flow of oil to stop for even a few hours is bad, and is not necessary. 

The production of high-pressure natural gas also carries with it 
situations under which the ability to tube or siphon a well, regardless 
of its pressure or volume, without permitting the escape of any appre- 
ciable amount of gas during the operation, is of extreme value. Water 
troubles are not confined to low-pressure small-volume wells. The 
Richland Parish, Louisiana, gas field is a striking example of such a 
situation. Here wells of from 50,000,000 to 60,000,000 ft. open-flow 
capacity with rock pressures up to 1100 lb. are the rule. After a com- 
paratively short pull, water puts in its appearance, not in large quantities 
but rapidly enough, in the course of a month or so, to build up a head in 
the well that seriously effects its working pressure and delivery capacity. 
It is not safe, because of danger to the well connections and the almost 
certainty of drilling the well deeper, to open these wells into the air to 
remove this accumulated head of water. Siphons then are necessary 
to successful operation. or various reasons the wells are not brought 
in through tubing, so tubing must be run after completion of the wells. 
Any method of siphon installation that would permit the escape of gas 
and sand would be almost certain to end in disaster, therefore the 
operators have welcomed methods of installation that permit the safe, 
even if not advisable, lighting of a cigarette only a few feet from the 
well connections at any time during the installation. 

There are also other uses for the equipment. Occasionally, in 
rotary drilling, a well blows in with no liner in the hole. This, of course, 
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often happens in cable-tool drilling. As much as 100 ft. of liner or 


screen of the desired diameter can be run to bottom, with the well 
- feeding through the side connections or not, as may be desired, during 


the operation. Occasionally a well blows in with the drill pipe still 


in the hole. It is not as a rule a difficult matter to plug the bottom 


joint by use of a small packer and then to snub the pipe out through 
control heads—all without loss of production. 


DrEscRIPTION OF NEw EQUIPMENT 


Control Heads 


There are two general types of tubing control heads (Figs. 1-3), each of 
which has its advantages and disadvantages. In one of these types a 
gastight or fluid-tight seal around the pipe being run is maintained by a 
rubber ring forced tightly against the pipe by the gas or fluid pressure 
in the well. This rubber expands to permit the passage of couplings. 
As long as this rubber remains intact, no material leakage can take 
place. The advantages of this rubber-packed type lie in the fact that 
the well itself furnishes and regulates the pressure which forces the 
packing against the pipe and in the fact that there is no delay in passing 
couplings. One disadvantage lies in the fact that since the rubbers must 
be flexible enough to expand and allow passing of the pipe couplings, 
it follows that there is a limit to the thickness and consequent strength 
which can be built into them. Experience seems to indicate that they 
are not safe, particularly on long strings of upset pipe, for working 
pressures over about 300 lb. Two makes of control heads of this type 
allow for the use of two rubbers, on the theory that double protection is 
thus afforded. The installation of a regulated by-pass from one head to 
the other, having the effect of stepping down the effective pressure against 
each rubber, materially increases the working pressures against which this 
type of head can be used. A further disadvantage in the use of these 
heads lies in the fact that if, during the snubbing operation, the pipe 
should get out of control and start out, there is nothing built into the head 
itself that will prevent its being blown clear out of the hole. One 
specialty company, I believe, is attempting to work out a model that will 
remedy this disadvantage. 

The other type of control head uses steel rams, bored to completely 
encircle pipe of the desired diameter and faced with sections of hydraulic 
or composition packing. These rams are manually forced against the 
pipe being run by various screw mechanisms, and a shut-off secured, 
to any desired degree. It is necessary to use two of this type of head 
on each well, to permit the passage of couplings, for if one alone were 
used, when it was opened to permit the passage of couplings the well 
would be free to blow into the atmosphere and would soon blow out the 
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Fig. 1.—Two Low-PRESSURE TUBING CONTROL HEADS MOUNTED TOGETHER WITH 
REGULATED BY-PASS. 


Well pressure assumed to be 500 lb. Lower area (lines running left to right) 
is under 500 lb. pressure. ‘ 

A =small spring-type regulator, maintaining 250 lb. on outlet side, causing 
upper area (lines running right to left) to be under 250 lb. pressure. ; 

Relief valve B set at 260 lb., to relieve excess pressure set up either through 
as of regulator A or through leakage between tubing and lower control-head 
rubber. 

There is then exerted against outside of lower rubber a pressure of 500 Ib. and 
against inside of this rubber a pressure of 250 lb., resulting in an effective pressure 
of 250 Ib. against this rubber. A similar effective pressure of 250 Ib. is exerted 
against upper rubber, 250 lb, being against its outside and atmospheric pressure 
against inside. 

Fia. 2.—Low-PRESSURE TUBING CONTROL HEAD. 

A, tubing; B, control-head rubber; C, casing or well connections. Gas or fluid 
pressure from well forces rubber B against tubing A and makes a seal between tubing 
and rubber. 

Fic. 3.—HIGH-PRESSURE TUBING CONTROL HEAD. 

_ .In upper drawing, rams that form gas or fluid-tight seal around tubing are open; 
in lower drawing, they are closed. 
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packing, and if sand were present would soon ruin the face of the rams. 
This type of control head can be built to withstand any desired pressure 


and has the further advantage that if the pipe should start out of the hole 


it could not move for more than the length of one joint, because, when 
the rams are in the closed position, a coupling cannot pass through them. 
Since, however, two sets of rams must be manually opened and closed 
for the passage of each coupling, this type of control head is slower in 
operation than the first type mentioned. Either type, when used with 
the snubbing and packing assembly to be described later can be repacked 
in a few minutes at any time during the running of the pipe, and either 
type of head can be salvaged after the pipe has been landed on bottom. 


Snubbing Equipment 


Installing tubing against working pressures in excess of 1000 lb. 
necessitates the use of rapid and safe snubbing equipment. Approxi- 
mately one foot of pipe of any diameter must be snubbed for each pound 
of working pressure on the well. From a rather crude start, a thoroughly 
reliable mechanism has been worked out. It has two principal members 
—the traveling snubbers and the stationary snubbers. The function 
of the former is the actual forcing of the pipe in against the well pressure, 
while the function of latter is to grip the pipe and prevent it from being 
blown from the hole while the traveling snubbers are being raised for a 
new bite. The stationary snubber is preferably bolted directly to the 
casing. A nipple with thick walls is screwed into the top control head, 
this being the top member of the casing string during the tubing opera- 
tion. The walls are made thick enough for holes to be bored and tapped 
vertically for stud bolts which pass through the side members and hold 
the snubbers firmly in place. 

One of the dogs of the stationary snubber is pivoted; the other is 
adjustable and not pivoted. The adjustable dog is held by two pins 
which extend from the side members through horizontal slots in the 
dog. By means of a hand wheel and screw, it can be moved toward the 
tubing to grip it tightly in cooperation with the pivoted dog or to back 
away far enough from the tubing to permit passage of couplings. 

The pivoted dog is pivoted upon a pin immovably attached to the 
side members of the stationary snubbers. It is not adjustable towards 
or from the tubing, but can swing about the pivot pin to permit the tubing 
to pass downwards between it and the adjustable dog. The pivot pin 
is higher than or on a plane above the serrated portion of the dog, so that 
upward movement of this portion will also move it inward toward the 
adjustable dog, firmly gripping the tubing and holding it against upward 
motion through the snubber. 

The pivoted dog consists of two members, one with an arcuate 
serrated face to bear against the tubing and pivoted upon or pinned to 
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the end of the fee: agai pile is: aie: or f 
pivoted or pinned to the side members of the | static oI 
flexible connection of the two members of the dog -permi 
gripping effect of the bearing face by assuring vertical alignment 
the tubing. atari ote 
The traveling snubbers are made up of two pivoted dogs identie: al. 
with that used in the stationary snubbers. A cable passes from - ree, 
lever end of one of these dogs down to a sheave pivoted in one end of a 
pair of casing clamps fastened immediately below the stationary snake ae 
up through a tubing block or the center sheave of a traveling block, 
back down through a sheave in the other end of the casing clamp andup 
to the lever end of the other dog. Upward movement of the tubing or 
traveling block results in a downward movement of the traveling 


snubbers permit free downward movement of the pipe. When the 
traveling snubbers have been pulled down to the stationary snubbers 
they are raised for a new grip by lowering the traveling block. During 
this movement the stationary snubbers prevent the pipe already snubbed 
into the hole from being blown out again. After sufficient pipe has been 
snubbed in to cause it to fall of its own weight the snubbing equipment 
is easily removed so as not to interfere with the remainder of the 
tubing operation. 


Device for Closing Bottom of Tubing 


Various means of closing the bottom of the tubing to prevent flow 
of oil or gas through the tubing until after landing on bottom have been 
experimented with. The old method of simply inserting a thin cast-iron 
disk between two joints of pipe, this disk to be broken by dropping a 
weight from above, is not recommended because of the undesirability 
of leaving a weight in the hole, and the possibility of damaging the string 
of pipe or of damaging the screen, if one is used. Closing devices which 
require unscrewing to open after landing on bottom are objectionable, 
particularly when used with the smaller sizes of pipe. 

A method of breaking a cast-iron disk from the underside, without 
dropping a weight from above or without screwing or unscrewing, has 
been worked out. The assembly consists of a forging of the same outside 
diameter as the couplings in the string and about 9 in. long. The upper 
end of this forging is threaded on the inside with a straight thread 
down to a shoulder, the inside diameter of this shoulder being the same 
as that of the tubing being run. A thin cast-iron disk and gasket are 
laid on top of this shoulder and a short combination nipple jammed 
against it to form a tight seal. A sliding nipple of the same inside and 
outside diameter as the remainder of the string operates in the lower 
part of this forging and is fastened in the forging by two dogs, which 
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re in cbs pipe ‘ised opie are 
to the left of the lower section of 
the slot. If the condition within the 
well is static, with no flow, the dogs 
will be hanging in the lower end of 
i. the slot, while if sufficient fluid or gas 
flow is present to raise the weight of 
the screen and anchor below, the dogs 
will be held up against the upper left- 
- hand corner. The wedge on the bot- 
tom of the string is shaped roughly 
like a fishtail bit, any fluid flowing 
past it tending at all times to keep the 
dogs thrown to the left. A thin 
pointed steel bridge is built over the 
top of the sliding nipple. While the 
. dogs are at the left of the slot this °%/ Ma". 
bridge cannot come up against the 
cast-iron disk. After the pipe is 
_ landed on bottom and the upper por- 
tion of the string turned a short dis- 
: tance to the right so that the upper 
4 portion of the slots is above the pins, 
the string drops approximately 1 in., 
causing its entire weight to be thrown 
upon the center of the cast-iron disk 
and. easily shattering it. The thin 
bridge does not materially obstruct pa 
the tubing, and if any great amount of i 
: - fluid or sand is following quickly cuts 
i out anyway. ' 
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OPERATION OF TuBING EQUIPMENT af Ih ribing Seal Assembly 


The procedure is shown in Fig. 4, 

as follows: The tubing is lowered until | 
‘ it rests upon the bottom of the well. 

This does not telescope the tubing 

seal assembly and break the disk G 

because the pins A are not in position 5, 4 Ogper or PROCEDURE IN 

to enter the straight portion B of the USING EQUIPMENT. 

slots. Measurements are taken, the 
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METHODS OF TUBING 


tubing is raised, cut and junieaen at ‘a poin ; wh 
short distance X inches below the internal 
A coupling and a tubing nipple about X inches long. is 
upon the tubing where it was cut and threaded. A cast-ir 
is made up here in the coupling, being held in place between tl 
pipe ends. This disk HZ may have a small bore or vent through i it, 
purpose being to permit some leakage at this point for determining bj 
observation when the seal at the lower end of the tubing has been broker : a 
Since the disk is loosely retained in the coupling between the pipe ends, . 
the leakage around the edges may be sufficient when high pressures _ 
exist in the well; therefore the bore or vent 
may be desirable in some cases and not in — * 
others. It would usually be omitted when oil 
is present in high-pressure wells to prevent a ; 
ssa ‘tnside SPTAY of oil upon the workmen during sub- 
+o cooperate sequent operations. 
ed More tubing is coupled to the string and 
va it is again let down against the bottom of the 
well. The tubing is turned to the right at the 
-Valve top, and since the footpiece catching on the 
cha ener bottom of the well prevents the part below 
A StuffngBox the seal from turning also, the slots B are 
Packing brought over the pins A, allowing the pipe to 
Bi Packing drop, telescoping the tubing seal assembly and 
Internal Annular breaking the disk. The oil or gas in the well 
TH can then flow through the tubing up against 
the disk EH. Its loose fit and the small 
AG Cast-iron Disk aperture allow enough leakage to ascertain 
aA (ert Optional) ~~ that, the lower disk G has been broken. The 
tubing is again raised, two steel packing rings 
Tig 5 Fiemneeeee with packing between them are put around 
TUBING STRING. the tubing immediately below the coupling H 
and the tubing is again lowered. The steel 
rings are made so that they cannot pass through the inner annular 
shoulder C and the coupling H cannot pass through them. The weight 
of the tubing, therefore, compresses the packing between the outside of 
the tubing and the inside of the casing. The inner annular shoulder C ~ 
must, of course, be small enough to prevent the passage of the steel - 
packing rings. It may sometimes be in a nipple with the same exterior 
diameter as the rest of the string of casing, as shown in Fig. 4 or it may 
be, and usually is, contained in the narrow part of a swedged member as 
shown in Fig. 5 
After this packing operation is completed, the two control heads 
and everything else made up in the casing string above the packing may 
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; be taken off. _ Then the part of the tubing string above the packing may 
also be removed. Gas from the well is leaking out of course, through 
or around the disk G from the time the lower disk is broken, but it is in 


such small quantity that it does not interfere with subsequent operations. 
The fittings shown in Fig. 5 may then be assembled to the tubing 


- string at coupling H. These fittings consist of the two valves shown and 
the T between them, which are permanent connections, and the bolt 


M and bushing P, which are used to break the disk H and then are 
removed. The well is connected to the flow line through the branch 
of T. Both valves are opened and the bolt M is screwed down through 
the bushing P until its tapered point bears against the disk HZ and breaks 
it.’ The well can flow out through the T and into the flow line. The 
bolt M is then backed up by unscrewing until the upper tubing valve 
ean be closed. Then the bushing P and the bolt M may be unscrewed 
and removed and the end of the tubing permanently closed with a plug 
or cap, completing the operation. 

If desired additional steel packing rings and packing between them 
may be put around the tubing above the coupling H to supplement the 
packing below. This can be tightened, as shown, by means of a member 
that screws down over the threads upon the upper end of the top member 
of the casing string, which will be threaded down far enough to give 
sufficient take-up in the stuffing box. 

Time will not permit detailed description of the various other methods 


‘of using the equipment. Briefly, when it is desired to set liner in a 


producing well, one tubing control head is made up at the top of the well 
connection, four or five joints of 6 or 8-in. pipe are made up just above 
this, and two control heads and the snubbing equipment put in place. 
The liner is made up inside of the 6 or 8-in. running up into the derrick, 
and is connected to the tubing by a left-hand nipple, “J” tool, or any 
other of several possible methods. With the tubing control head that 
is immediately above the well fittings wide open, and with snubbing 
operations conducted from the top of the 6 or 8-in. pipe near the fourble 
board of the derrick, enough tubing is snubbed into the well to bring the 
top of the liner beneath the lower control head. This control head 
is then closed around the tubing, the few joints of pipe in the 
derrick are broken down, and the remainder of the snubbing opera- 
tions are conducted from the usual platform a few feet. above the 
floor. Recently 75 ft. of 414-in. perforated liner was run in this way 
into a 45,000,000-ft. gas well having 750 lb. working pressure, with no 
loss of production. In this instance this was probably the only method 
by which the liner could have been put into the well. It could not have 
been dropped into the well while blowing because of the large quantities 
of shale and rock that would have been blown out and because of the 
certainty of gutting the well. Lubricating was not considered safe. 
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‘measuring | re 
out of the hole, The 


drill stem just below ive stuffing box, 
past the packer expanding the rubber sdidalies 
is then snubbed out of the hole, using sonensi eC 
_ to snub it in. ae 

The equipment and process pander save for the Pre ol 
were developed by the Southern States Co. of Shreveport, Laut 
have been applied for. During the past year and a half this ¢ 


pressures ranging from a few hundred to 1200 lb. per per sq. in— 
virtually no loss of production in any instance. Against pee 
more an average of perhaps 12 hr. is required after setting up for r 
a 2000-ft. string and about 25 hr. for a 5000-ft. string. 
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By Harop C, Pricn,} BARTLESVILLE, OKLA. 
(Tulsa Meeting,.October, 1929) 


ABSTRACT — 


Prior to Sept. 1, 1928, there had never been constructed what might 


A be termed a long pipe line with electric-welded field joints. A year 


a 


wae 


later more than 2500 miles of electric-welded lines had been completed 
which varied in diameter from 6 to 20 in., and in length from 50 to 700 
miles. This paper discusses methods used on five lines with a total 
length of about 750 miles. The welding equipment used for the firing 
line or rolling welds, was 300-amp. generators driven with six-cylinder 
gasoline engines, and for the bell-hole or tie-in welds, 200-amp. generators 
driven by four-cylinder gasoline engines. A welding gang consisted of a 
foreman, 6 to 12 firing-line welders and 2 to 4 bell-hole welders, a mechanic 
and a tractor driver. 

Coupons about }4 in. thick were frequently cut from completed welds, 
which showed a cross-section of the weld and an indication of its size and 
penetration. For tests of tensile strength complete welds were cut out. 
The tensile strength of 52 welds cut from 420 miles of 12-in. line averaged 
50,870 lb. per square inch. 

The following results give a fair average of the number of welds made 
per man per day: on 157 miles of 8-in. line both firing-line and bell-hole 
welds averaged 15.3—the firing-line average was 21; on 39 miles of 10-in. 
line the firing-line average was 19.9; on 50 miles of 6-in. line, with unfavor- 
able weather, the average was 17.7; on 424 miles of 12-in. line most of 
which was welded during the spring, 10.3, and with good weather the 
average rose to 13 welds per day. The average time for making a com- 
plete weld on 12-in. pipe 0.313 in. thick was found to be 30 min. for the 
rolling weld and 45 min. for tie-in welds. 

A comparison of costs between electric and gas welding shows that 
the cost of labor for electric welding is 25 per cent. more than gas, gener- 
ating cost 61 per cent. less than gas, welding wire 40 per cent. less than 
gas, and supervision and overhead the same. Estimating 50 per cent. 
annual depreciation on electric welding equipment, and no depreciation 


* This paper is available at the office of the Institute as Technical Publication 
No. 251. 
+ General Manager, Welding Engineering Co. 
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‘hy on generators and gas welding equipment, the Re fi a to 
. saving of 22 per cent. for electric-welded over gas-welded field j ints 


DISCUSSION ie snout 


, 

J. R. Suman,* Houston, Texas.—You say this cost of eee welding is 22 
; cent. cheaper than the gas welding. What is the cost of building these lines 
a compared with screw pipe or Dresser couplings? oe 


H.C. Price.—I have always understood that even acetylene welding i a8 cheaper _ 
a than Dresser couplings. 


J. R. Suman.—I think this paper is an outstanding contribution to welding, aes 
is very important now, not only in the laying of lines, but in the hard surfacing of 
drilling equipment and other phases of the business. 


W. G. Hetrzet,} Tulsa, Okla. —During the last three years old methods have 

given way to new and better methods in the pipe line industry. The outstanding 

_ development in this period has been the welding of field joints of oil and gas pipe 
lines, and more particularly during this year the principal development has been the | 
electrically welded joints. A pioneer in the field of electrically welded pipe line joints 
is H. C. Price, the author of this paper. My experience has been more particularly 
with the gas-welded oil line. However, I would like to add some information con- 
cerning the gas and electrically welded lines. 

One of the faults in the construction of welded lines has been the lack of organi- 
zation in the field construction crews. I can say that the construction crews for 
welded lines are not nearly as well organized as the old pipe line crews that were used 
for laying screwed joints. In the laying of screwed pipe every man had his place in 
the crew and was carrying on effectively throughout the day. The old pipe line 


crew would go out in cold weather and lay a great deal more line than can be laid ; 
today by either gas or electric welding. In the laying of electrically welded lines it iS 
is a common sight to see a good part of the crew idling around while a few welders % 
are working. This lack of organization may be due to the fact that old experienced \ 


men who laid pipe lines for years are yielding their places to new and younger men; 

and it may be that after these new men have had considerable experience we will 
witness an equal degree of efficiency in crews used for laying welded lines as existed t 
in the crews that laid the screwed line. 

It appears that bad weather conditions caused greater delays in the construction 
of welded lines than was experienced in the laying of short lengths of screwed pipe. 
Last January our company laid about 400 miles of pipe line loops from points in the 
Mid-Continent to Chicago, and considerable difficulties were encountered on account 
of the weather conditions. The crews making the ‘‘roll” welds, I refer now to the 
gas acetylene welds, had finished some distance ahead of the tie-in crews and on 
January 1, about 8 miles of 200-ft. sections of pipe was strung out along the right of 
way of each loop in Missouri and Illinois ready to be tied-in to the line. 

On January 1 rain began, and continued for two days. The ground became soft 
and muddy, then the temperature dropped suddenly and for three or four days 
subzero weather existed. The 200-ft. sections of pipe became tightly frozen to the 
ground and since flood conditions existed on account of the heavy rainfall for two 
days before the freeze, the 200-ft. sections were filled with water which froze 


* Director and Executive, Production Dept., Humble Oil & Refining Co. 
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solid. Freeing the joints from the frozen ground and trying to swab the section free 
_ of ice before tying it into the line caused considerable delay. Some of the crews were 


held up for as much as one-half day, trying to clear the ice out of one of the 200-ft. 
sections of pipe. With a screwed line, the short sections of 16 or 20-ft. pipe could 
have been freed easily from the ground and swabbed and tied into the line, and little 


: delay would have been occasioned by the weather conditions. 


* On this particular job it was a good day’s work if 2000 ft. of 8 or 10-in. pipe were 


_ tied into the line during the bad weather. At least 3500 or 4000 ft. of screwed pipe 


would have been laid in the same time. 

In very cold weather the welding crews and the pipe-laying crews are not very 
efficient because so much time intervenes between their activities, and the workmen 
cannot keep warm. There was a tendency on the part of the men not to come out 
to lay pipe line on cold days. In the old pipe line crews every man was usually on 
the job at 7 o’clock in the morning and the pipe line was laid usually, regardless of 
the weather, and at the end of the day’s work they could account for 3000 or 4000 ft. 
of pipe laid. 

During the bad weather as much as 2 hr. was lost trying to start tractors and 
putting the generators in operation. But offsetting these delays in construction there 
is the distinct advantage in the welded line—that it is a much better and more reliable 
job when it is finished. 

Reference might be made to 200 miles of 8-in. gas-welded line that were laid about 
two years ago. This line was tested with oil and not a failure occurred in the whole 
length of the line, and during a period of two years of operation since the line was 
built not a failure has occurred. In 400 miles of 8 and 10-in. gas-welded pipe line 
which were built about a year ago I understand that four failures occurred in the 
welds. Two of these in the gas welds were due to the rough handling of the pipe 
when it was lowered into the ditch. Scrapers have been run through the 600 miles 
referred to, and in no case has a scraper been hung up in these lines by an icicle. 

The history of the old screwed line has been full of failures due to the couplings 
pulling apart or leaks about the couplings. It has been concluded recently that oil 
leaks along a pipe line account for a high percentage of corrosion failures in the pipe. 
And it can be expected that the welded line will prove a material benefit in minimizing 
corrosion failures. It has been observed also that considerable corrosion results from 
the stressed metal where the tongs were used in laying the line. The welded line will 
eliminate any such causes of corrosion. 

Oil pipe lines often fail in creek crossings and on the river bank where the bank 
has been washed away in a slide or during a flood period. Some of the pipe line 
companies have adopted a policy recently of reinforcing all the welds at creek crossings 
by heavy straps welded along the length of the pipe and across the weld. In river 
crossings a special river clamp is used over the strap. A piece of 8-in. river pipe, 
which was made up of two pieces welded together and reinforced with four steel straps, 
was pulled in sections to destruction. It required 380,000 Ib. to pull it apart. The 
pipe was broken outside the strap. It is evident from the tests that the creek and 
river crossings should be reenforced with straps that will give each joint sufficient 
strength to prevent the failures of the weld under forces encountered in creeks and 
rivers during flood periods. 

The author has referred to water tests in his paper. Last year our company 
completed some 600 miles of pipe line and in no case was water used to make the test. 
In fact, the lines were laid during the winter, when it would have been impossible 
to use, water tests in the lines which were laid through the states of Illinois and Mis- 
souri, since subzero temperature existed. As soon as the lines were completed each 
section was filled with oil and put up to its test pressure, and in only one weld out of 
the many that were used to weld up 600 miles of pipe was there a failure. It is the 
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conclusion of our company that the water pe ig 1 not 
pipe lines where a reliable welding crew has been | construc 

The author has dealt justly on the question of cost. is my opin 
gas-welded line is about 10 per cent. more expensive than the screwed line, 
consideration the over-all cost of the pipe and the construction. I am 
have not enough information to justify any statement regarding the in 
trically welded line as compared to the gas-welded line. J ace 

Electric welding has come into considerable use for repairing ates that are 
with oil. From time to time it is necessary to cut out sections of pipe that have be b 
badly corroded and cannot be continued in service. When a large oil pipe 
cut considerable oil must be drained and the pipe line must be taken out of se 
while the new pipe is being welded back into the line. The draining of the lin 
only causes high labor costs in providing for a place to drain the oil, but also it costs” 
in the loss of oil that will be absorbed in the ground. Rather than cut the line and 
put in new pipe it has become the practice of some companies to electrically weld 
steel patches over the corroded area. In some cases a full joint of pipe is split i in 
half and a section of the pipe line encased with the new joint of pipe which is ele 
trically welded where it is split. This use of electric welding provides an nee 
over the gas welding, because it has not been considered safe to use the gas torch for ms 
filling up corrosion pits and it cannot be used for welding when the line is loaded — 
with oil. 

Instead of stringing the 40-ft. sections of pipe along the right of way, it might be 
possible to set up central welding stations and weld the 40-ft. sections into lengths 
as long as 240 ft., then pull these sections out along the right of way with the tractors. 
As soon as a certain amount of pipe has been welded into 240-ft. sections, the welding 
station would be moved ahead, possibly another 44 mile, and set up again. The 
240-ft. sections could be dragged out for a distance of 14 mile in each direction from 
the central welding station. The advantage in such an arrangement is that the 
welders could be protected and could work during all kinds of weather, and if neces- 
sary more than one shift could be used, thus making it possible to weld over a period 
of 16 hr. a day in case it is desired to speed up the construction. Another advantage 
would be that the welding equipment could be concentrated in one place instead of 
being strung out along the line. And it may be possible that this method of welding 
the line would be cheaper. I would like to ask the author of this paper what he thinks 
of such an arrangement. 


W. V. Virerti,* Big Springs, Texas.—What is the relative cost as between a 
victaulic coupled line and welded line, and is the victaulic coupled line satisfactory 
for oil or gas work? ~ 


a a er 


W. G. Heirzev.—I would use a type of coupling on a trunk line that has a long 
life. Although this coupling is tight at first, it has a rubber gasket which might be 
subject to deterioration. Certainly the welded line is the best now. 


H. C. Pricr.—Relative to central welding plants: we have welded at the mill two 
joints into one—two 20-ft. joints into a 40-ft. joint. As to welding the pipe into 
240-ft. joints, I can not imagine putting a 240-ft. joint over the ground at present. 
The first line we welded had 60-ft. joints, which are too long and difficult to get 
out on the line. To weld in a station at any line is better than welding in the field. 
It reduces the cost probably 50 per cent. If the idea could be worked out it would 
effect a great saving. 

During the year we have welded 140,000 joints and in that 140,000 joints only 
18 leaks were discovered. I think there must have been many that were not dis- 


* Petroleum Engineer, Marland Production Co. 
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1g the eee corrosion ‘of pipe by mig) in ne ay I can ect foe the Gulf 
1e has had similar experiences. In several cases lines have been in service for 
15 years before corrosion failure. After the failure the pipe was replaced and 
1 oil-soaked clay or sandy clay. In some cases the new pipe has failed within 
We can only account for this accelerated corrosion by the presence of oil 
16 tae tte material. It is, therefore, our practice to remove all oil-soaked Ss 
y or sand and to bury the pipe in fresh uncontaminated material. t 


* Gypsy Oil Co. 
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ABSTRACT 


development of hard facing Tee which are ee by slectrigitna or 
by acetylene to form a facing which protects the steel of the bit from 
abrasive wear. The main desirable characteristics of hard facing meta ie 
are resistance to abrasive wear, resistance to shock and perfect i - 
with underlying metal. 

Resistance to abrasion offered by various metals shows many anoma-_ 
lies. Compounds containing carbon, silicon and boron are the ones 
important hard substances. Carbon, as diamond, silicon carbide and 
especially the carbides of iron, chromium and tungsten are the outstand- 
ing hard products in common use. Tungsten carbide is probably the — 
most commonly used. It is made in the electric furnace and it is impor- 
tant to get the right amount of carbon and the correct crystalline structure 
in order to obtain the greatest hardness and greatest resistance to 
abrasion. It may be obtained in three main divisions: wrought, cast 
and casehardened. 

Insert hard metals are common. The method of application varies, — 
but it is generally welded to the bit, placed in channels or in drilled holes 
and covered with a hard surfacing metal. Robinson! has given a very 
complete article on the use of inserts. Gregg and Kiittner? has discussed 
the metallography of tungsten carbides and given a good bibliography 
of the subject. 

The time and expense of large-scale testing, together with variations 
in results, led to the development of a laboratory testing machine for 
determining the abrasive-resisting qualities of different metals. This 
machine consists of a motor-driven 40-grain, alumina-base corundum 
wheel, 8 in. dia., rotating at 30 r.p.m. It is run wet and dressed with 


v% » 
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* This paper is available at the office of the Institute as Technical Publication 
No. 256. 


} Metallurgists, Oil Well Core Drilling Co. 
*R. R. Robinson: Use of Hard Metal Inserts in Rotary Drilling Bits, Oil wae 
Engineering (May, 1928) 3, No. 5, 11. 
*J. L. Gregg and C. W. Kiittner: A Metallographic Study of Tungsten Carbide 
Alloys. Trans. A. I. M. E., Inst. Metals Div. (1929) 581. 
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HJ. Morean.—The point has been brought up regarding hardness of various 
g materials at red heat. We have not been interested in red hardness but have 
mined the resistance to abrasion at red heat, which is the more important quality 
tools. We have found that the resistance to abrasion of materials con- 
a high percentage of tungsten does not show a decrease when tests are made 
‘heat. These experiments were made on the abrasion test machine in a similar 
er to the ones already described. . 
machine similar to our abrasion-testing machine has been used for testing 
_ abrasive resistance of chromium plating.* 
: When hard facing was first applied to oil tools there was some fear that the under- 
_ lying metal would be adversely affected, but the base metal has not been weakened to 
any appreciable extent either by use of electric or acetylene processes. 


; 

ee en 
«8K, J. Piersol: Effect of Current ‘Density upon Hardness of Electrodepos- 
- ited Chromium. Amer. Electrochem. Soc. (Sept. 19, 1929). 


. features in petroleum engineering, and has required the development of a : 


cates that probably more than 450 wells will be drilled in the present 
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DuRING the present year the Santa Fe Springs field has proved t to 
the most important oil field under development in the United Sta 
Its production will exceed that of any other field. Without it, producti ctio 
within the United States would have been almost in even balance with bh 
consumption. The field has forced to the fore and compelled, mo re 
than any other single factor, serious consideration of the need of cons . 
ing the gas resources of the State of California. It has also pri 
much to the development of new drilling equipment and important 


new cement for use in deep wells because of high temperatures. It is the 
only oil field in the country where wells 8000 ft. deep have become so 
common that they are no longer given special attention. 

The field covers a little less than 1400 acres of land. In it 196 pro- 
ducing deep-zone wells have already been drilled since August, 1928, 
and 224 wells are still drilling. More wells may be drilled. This indi- 


campaign. In hardly a year’s time it has caused the outlay of nearly — 
$50,000,000 for drilling, and within the year 1929 it will have returned 
practically an equal amount of revenue. 

In contrast to conditions during 1923, when this field was once before 
an important and disturbing factor, the California oil industry has not 
been forced to refinance to meet the situation presented by such a large 
production of oil. There has been practically no unit selling and no 
stock selling, nor any unnecessary development far beyond the limits of 
the field. * 

Production is now about 275,000 bbl. per day and gives every promise 
of remaining at this figure or increasing to nearly 300,000 bbl. Six Ss. 
months from now the field should still be capable of producing more than 
200,000 bbl. per day. Obviously, the need for conserving gas that would 
be blown to the air, incident to the production of so large a volume of 
oil, represents a problem in conservation deserving of the most serious 
attention of the oil industry and of the State of California. 


* Petroleum Engineering Department, Associated Oil Co. 
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eelling? us ote CHANGES IN EQUIPMENT 


Changes in equipment are the most noticeable feature that attract 
_ the visitor in the field. The derrick has now been increased in height to 
136 ft. with a base 26 by 26 ft. All parts of it have been increased in 
size. Crown blocks, travelling blocks and rotary engines all have roller 
ca bearings where formerly plain bearings were used. 

- Mud pumps are now equipped with steel ends capable of withstanding 


various sizes of drill pipe call for circulating pressures as follows: 8-in., 
250 Ib.; 6-in., 400 to 600 Ib. ; 4-in., 700 to 800 lb. ; 2 to 3-in., 900 to 1200 lb. 
To start circulation or to cement necessitates an initial pressure of over 
1500 lb. The wire-wrapped rubber mud hose has given way to a steel 
mud hose consisting of lengths of steel pipes and adjustable, flexible joints. 
Upset drill pipe is being used more than formerly. Special heat- 
treated steel drill pipe has been introduced. Long strings of drill pipe 
now use a safety or releasing joint about 40 ft. above the drill collar. 
Boilers delivering steam at pressures of 200 lb. have been introduced 
within the past 10 months, in contrast to 70 and 100-lb. boilers used in 
1923. The building of this heavier equipment has been necessary to 
reach the greater depths and also to save time in coming out of the hole. 
4 The fishtail bit, so popular a few years ago, has been partly replaced 
by new types. All of these bits use hard facing material so that it is 
possible to drill for one or two days without coming out to change. Thus 
it is that wells drilling between 4000 and 5000 ft. have made as much as 
225 ft. per day and wells drilling between 7000 and 8000 ft. have made 
as much as 135 ft. per day. 
.. The casing program used in this field was developed more than 2 
b years ago in the Ventura Avenue field and has proved adequate for reach- 
ing all depths. Twenty-inch stove pipe at 1000 ft. is cemented as a 
conductor string, and 133<-in. casing is cemented at about 4100 ft. at 
the first water string on top of the Meyer zone. Strings of smaller 
size are carried down to the lower zones. Some wells now drilling for the 
 Qlarke zone expect to set 9-in. casing at depths near 8000 ft. This 
promises to be possible from a mechanical viewpoint where shut-offs at 
lesser depths over other oil zones are not made. 


er 
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Tapie I.—Improvements in Drilling Time 


Average Feet 


Year Depth, Feet Zone | Days per Day Well, Assoc. Oil Co. 

‘ 1923 4741 Meyer 115 41,22 Green No. 2 

‘ 1926 4600 Meyer 77 59.74 Dewenter No. 5 

1 1928 5780 Buckbee 108 | 63.44 Green No. 3 
1929 6826 _ | O’Connell | 111 61.49 | Dewenter No. 8 
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ee pressure of 3000 Ib. per sq. in. In order to maintain circulation, the © 
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Improvements in drilling time, as shown by the records of wells _ 
drilled by the Associated Oil Co. in 1923, 1926, 1928 and 1929 are — 
summarized in Table 1. 

Before the campaign is over in 1929, it is expected that 8000-ft. wells 
will be drilled in less than six months’ time. é 


OIL-BEARING ZONES 


Oil-bearing formation has been encountered in the central part of this 
field almost continuously from 3500 to nearly 8000 ft. Around the edges 
of the field and approaching close to its crest are prominent edge waters. 
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Fia, 1.—GENERALIZED CROSS-SECTION OF SANTA Fx SPRINGS FIELD SHOWING GA 
AND OIL ZONES. 


s 
They have created particularly difficult problems in petroleum engineer- 
ing in locating water shut-offs and have compelled the use of many strings 
of pipe for supplementary shut-offs, to protect the oil zones above the one 
from which production is being secured. However, the top zone has had 
no protecting string set above. It has been amply protected by cement 
and rotary mud. Owing to this fact, the many bodies of productive 
oil formation limited by intervening edge waters have been named for 
convenient identification. Fig. 1 shows a. cross-section of the field 
identifying the various zones. Their names, the depth to which the hes 


shut-off above them is made near the center of the field, and their thickness 
on top of the structure are given in Table 2. 
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TABLE 2.—Gas and Oil Zones, Santa Fe Springs Field 


Depth Shut-off, Feet SE Saas: 


_ *Foix ate cine ss oe Oe eas 3500 50 to 100- 
eH ee, POT UE, oe ABLE, BS 3675 100 to 250 
Mar ordien. | Alesse 310) Axton talee 5 luted i 4050 600 
BA NOTOSENUIN, Aes abe cars s Gabe csi shone ds 4900 75 to 200 
Tein dirs Se eee eR er earners ors or 5600 120 to 300 


OE@ONNO! sare aorta erat Says tects ah PRN aes 6300 400 to 700 


P Clarke” 20! LUNA ALBIS SAG eT 7350 550 to 2 


The identification of the zones above the O’Connell is now well estab- , 
lished by drilling, but designations relative to the Clark zone are not so 


definite. Associated Oil Co. Clarke No. 2 was one of the few wells 


deepened from the Meyer zone for the purpose of prospecting outlying 
territory. The first oil sand it encountered at great depth was originally 
called the Upper or First Clarke. Eventually this proved to be part of 
the Lower O’Connell zone. The second oil sand encountered by it was 
called the Second or Lower Clarke; the third, the Third Clarke or the 
Hathaway. In this discussion, the Second Clarke and the Third Clarke 
are combined under the name of the Clarke zone, since they have now 
been proved continuous on top of the structure. Like each of the other 
zones, it derives its name from the well in which oil was first 
commercially produced. 

Beneath all of these zones there is still the possibility of additional 
oil-bearing formation. An excellent shale body more than 100 ft. thick, 
as shown on the cross-section as the Fulton shale, has been cored. While 
water appears to have been encountered beneath this shale in the Fulton 
wells, it is still possible for a zone of the extent of the Bell or the Buckbee 
zone to exist on top of the structure. If later found, it would merely 
be a continuation of the Clarke zone, as this has not yet been fully pene- 
trated on top of the structure. ~z 


Dsrep DRILLING 


Just when prospecting and deep drilling will stop is difficult to forecast. 
The Meyer zone in 1923 was extensive enough to furnish production for 
nearly all wells drilled. The Clarke zone gives every promise of being 
equally extensive. Consequently, the Clarke zone may represent a 
convenient stopping place for all wells now drilling. - Many of these wells 
are being finished with 484-in. water shut-offs, so that they can not be 
carried deeper. It is therefore anticipated that the Clarke zone will be 
the termination of the present Santa Fe Springs drilling campaign. 

There appears to be no limit either to human curiosity or to the depth 
to which wells can be drilled, so this statement is not to be taken as a 


= — 


promise of what may follow in the Santa Fe S 


' that this factor will tend to balance the time taken in drilling such 


thus far identified are Pliocene and Miocene. An appr: 
of Miocene formation has been proved crodisti succes 
Richfield, Huntington Beach townsite, Long Beach and Seal 
A portion, if not all, of the Clarke zone is in the Miocene. While 
geology does not juste the expectation of additional oil sands: (ott h 


not been fully tested by deep drilling in the ahemenanes fields, 
future of deeper drilling at Santa Fe Springs will be much the sam) aS. 
that in these other fields. ani 
The Nordstrum, Buckbee and O’Connell zones were developed from 
the center toward the edge of the field. Development of the Clarke zone 
is proceeding in the opposite way. Therefore it will be more rapid, s 


deep wells. 


Various PROBLEMS 


Fortunately, the shale bodies overlying the oil zones have been so 
persistent throughout the field that the selection of proper cementing 
points has been remarkably uniform, in spite of crooked holes that are 
so prevalent because of the depths being drilled. Continuous coring for 
as much as 3000 ft. in outlying wells has been necessary. Practically 
all wells have cored several hundred feet of formation even in the center 
of the field. 

Such problems were solved with relative ease, but following the 
discovery of the Clarke zone, a new difficulty presented itself. The first 
wells to reach this zone were located on the outer rim of the field and 
beyond the limits of the new zones. Successful water shut-offs were not 
secured. It is now known that much of this difficulty was simply due 
to edge water in sands that could not be made productive. At the time, 
however, the great. depths of the wells caused an investigation as to well 
temperatu These proved to vary from 190° to 212° F. Afterthese 
dancuraniees were discovered, laboratory tests proved that most cements 4 
when mixed and allowed to set at such temperatures failed to show any 
uniformity or regularity in performance. 

As a result of these tests, the Pacific Portland Cement Co. attacked  _ 
the problem presented by high temperatures and solved it by manu- My 
facturing a new “ high-temperature’”’ cement, designed to set and give a 
maximum strength at these high temperatures. The cement has been 
in use for several months and gives every promise of meeting the diffi- 
culty presented by high temperatures. 

Later developments proved, however, that the temperature was not 
entirely responsible for the water shut-off failures in many of these 
early Clarke zone wells, but rather edge-water conditions. Subsequently, 


cements were used successfully in securing 


t loss of time. Difficulties arose only in those instances 
e the cementing operation was so delayed that the high temperature 
sed the cement to take its initial set before it had been put in place. — 
Z he time in which the new high-temperature cement sets in the well is 
nearly twice as great as that of ordinary oil-well cements. Consequently, 
the operator using high-temperature cement has over 144 hr. in which 
to get his cement in place after mixing, whereas the operator using ordi- 
nary oil-well cement may have difficulty with his cementing job, unless 
_ the cement is in place in 45 to 55 min. after it is mixed. | 
The problem of satisfactorily locating water in an uncased hole gives 
promise of being solved. In several wells fully 8000 ft. deep and having 
from 200 to 400 ft. of open hole, it has been possible to introduce an 
electrolyte through tubing, or drill pipe. The tubing is then pulled up 
inside the water string or the drill pipe is removed, and electrodes are 
run through the tubing or the water string. Fluid is bailed in sufficient 
amount to cause the salt water to enter the hole. It dilutes the electro- 
lyte so that the voltmeter readings are greatly reduced. While the use 
of electrolytes in locating water is not entirely new, the locating of water 
in uncased holes has heretofore been impossible except by plugging 


in stages. 


PRODUCTION FROM THE DIFFERENT ZONES 


Data on the various zones at the present time are shown in Table 3, 


a TasLe 3.—Production from Various Zones 

Total Wells Produced | past Pro- Pp t Production of 

: Zone persone ae of imal 3 Producers Sept. Peaks 
Meyer oe: 296 79 2178 26,238" 
Nordstrum.........---+-- 40 19 21 13,836 

meee” 6Buckbee)).....0.2-205 5 6s 100 59 41 22,330 . 
z Cannell. uyswsiny wees 128 29 99 130,934 
"3 @larke: ...e- eee 36 1 35 80,366 


« Includes some Foix and Bell zone wells. 


The many producers that have been abandoned in the Buckbee zone 
to produce from the O’Connell zone indicate that a similar number of 
wells will be abandoned in the O’Connell zone within the next few 
months to secure production from the Clarke zone. The abandonment 
of most of these wells has been forced by the invasion of edge water, 
which practically killed the production of oil and gas. This invasion of 
edge water in the O’Connell zone has begun, as evidenced by the score 
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of former O’Connell zone nebo 
to be the objective for which most 2 
drilled, Of the 224 active drilling wells, at 0 are kn 

planned as Clarke zone wells. The remaining 74 may 
from the O’Connell zone for a time, but a portion of them wl be 

into the Clarke zone. din 
An interesting feature brought out i subsurface pakeee ma 
that the loci of the crest of the zone structures lie within a belt 
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Fia. 2.—Propuction curves, Mryer Zone, Santa Fr Sprinas. 


500 ft. wide. The crests of the Buckbee and O’Connell zones seem to be 
fairly vertically superimposed over the crest of each underlying zone. 
The crest of the Meyer zone is distinctly south of the crests of the under- 
lying zone structures and is also much sharper. The top closing contours < 
illustrate this southward displacement. A study of the various contour 
maps shows that the closure on the Meyer zone is 50 to 100 ft. more than 
the closure on each of the underlying zones. This additional closure 
resulted in the top of the Meyer zone being shoved south, as compared 
with the underlying zones. 

Production data of the different zones are graphically shown in 
Figs. 2-6. The most interesting relationship brought out by them is that 
between average initial production per well and average daily production 
of all wells producing in each zone. Owing to the fact that edge-water 
wells and small producers were promptly abandoned, the wells that 
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contributed to the.average daily production were strong representative — 
producers. The new wells brought in each week were scattered through- 
out the field, so that they were probably about as representative as the ; 
producing wells. 
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After each zone has definitely passed its peak of production, the 


decline in initial production and daily production parallel each other 
remarkably. It is surprising that the initial production of the new wells 
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ch larger than the average production of the wells in the zone. _ 
ds to indicate that where zones are drilled simultaneously, such 
/now common in a field of many ownerships, the oil pool becomes 
much of a unit from which production is taken fairly uniformly by 
roducing wells. This indicates that after a zone has been drilled up, 
there is little to be gained by hastening the recovery of oil and gas beyond 
the market needs of the community being served. The advantage of oan 
4 securing the flush production is largely gained in the early life of the zone, 
_ but once the zone is drilled up, this advantage disappears rapidly. 
- Prudent conservation of resources, therefore, justifies retaining the gas 
oi in the ground with the oil until the gas can be used by the community, 
_ rather than permitting it to be blown in the air. 
‘The impression is so widespread that Santa Fe Springs is essentially 
a town-lot field that it is worth while to call attention to the fact that the 
abandonment of wells in one zone to permit their use in the development 
of a deeper zone has resulted in the acreage per producing well being 
practically as satisfactory as that in fields of larger ownership than the 
 town-lot area of Santa Fe Springs. Unquestionably, in these zones 

there is still much oil to be recovered that will be recovered during 1930. 

_ These zones will again be developed by drilling. This was the experience 

in 1924, following the exploitation of the Meyer zone. In August, 1923, 
the number of Bell zone producers was reduced to 26; by October of 1924 

it had increased to 79. 

The production curves also bring out the fact that the increase in the 
average daily production per well is rapid until a peak is reached. This 
is followed by a sustained average and then a less abrupt decline, until 

4 the production of the well falls to between 1000 and 500 bbl. per day. 
‘Thereafter the decline is gradual. Meyer zone wells declined until they 
4 averaged less than 200 bbl. per day. That was before the day ofthe 
 gas-lift. It is highly probable that the gas-lift will maintain the average 
-_ production of the wells in the different zones at somewhere between 300 
and 500 bbl. per day. 
The total daily production of the various zones and the total produc- 
tion of the field are shown in Fig. 7. This shows that the various zones 
had peak productions as follows: 


: Wane Date Peak SpOaastaes Bbl. per 

; INOFOStIUIM nese cc ete eel Jan. 22, 1929 63,647 

3 TREC ABW te ees» not Pe he Feb. 26, 1929 122,325 

: CG onpellta sei. 00h). titel July 16, 1929 220,592 
Ju ee ee a ee TT 


4 It is surprising that the peak production of the field failed to coincide 
with peak production from any of these zones. The peak production 


ote to new fiush wearer wees fr om ‘ 
O’Connell zone had passed its peak. Each 0 
rather flat top, followed by an abrupt drop. ‘ 

Fig. 7 indicates clearly that the Foix, Bell, WMisyer) re i 
; Buckbee zones have reached what may be termed fairly settled 
> tion. The O’Connell zone may be Rc to continue its rapid 
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reaches 50,000 to 60,000 bbl. its production should be settled. By the 
end of the present year, these various sources of production will, therefore, 
contribute the following amounts of oil: Upper zones, 25,000; Nordstrom 
zone, 10,000; Buckbee zone, 20,000; O’Connell zone, 50,000; total, 
105,000 barrels. : 

An examination of the trend of the total daily production of the 
Clarke zone indicates that it is rising almost as steeply as the curve of 
flush production of the other zones rose earlier in the year. By the end 
of the year it might rise to 100,000 or 150,000 bbl. per day. Hence the 
production of this field could easily amount to 200,000 and might pos- 
sibly be above 250,000 bbl. at the end of the year. 

The production of the field in gas and oil during the present year in 
monthly totals and daily averages, also the gas-oil ratio for the field, are 
given in Table 4. 

Nearly three-fourths of the gas now being produced is blown into 
the air. The need of conserving it has been appreciated by the State 


July Aug. Sept. 
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9,524,489 | 
189, 299 | 12,673,731 | 2,391 
170,171 | 13,813,468 | 2,618 
158,331 | 10,261,794 2,160 
181,600 | 10,110,604 | 1,795 
237,466 | 13,360,911 | 1,875 
262,405 | 18,671,698 | 2,205 
281,501 | 20,872,201] 2,391 


lifornia. An injunction has been sought so that it may be con- 
for beneficial use. As the field still has a long life ahead and the 
an assist in recovering additional oil from the Meyer zone, as well 
e deep zones, a conserving of gas will probably result in an added 
recovery from the field. 
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Chapter VIII. Oil Recovery 


Recent Studies of the Recovery of Oil from Sands* ee . 


By JosErpH CHALMERS,{ BARTLESVILLE, OKLA. 


(New York Meeting, February, 1930) The 


eee 


P 7 *ik 

_ Tur Petroleum Experiment Station of the U. S. Bureau of Mines at 
Bartlesville, Okla., has for the past three and a half years maintained a 
laboratory with the necessary personnel for conducting research on 
methods of increasing the recovery of oil. Some of the preliminary — 
problems encountered in starting this work, with the data obtained, were 
discussed in A, I. M. E. Technical Publication No. 144, ‘Oil Recovery. 
Investigations of the Petroleum Experiment Station of the U.S. Bureau ~ 
of Mines,” which was presented at the October meeting of the Institute 
at Tulsa, Okla., in 1928. 


Score oF PAPER 


The following discussion gives some of the results of the more recent 
work at the Oil Recovery Laboratory. These experiments were con- 
ducted to obtain laboratory data pertaining to the relative merits or 
efficiencies of various pressure media in the recovery of oil from a sand 
reservoir. Two general types of experiments were conducted. In one 
the various pressure media were passed through an artificial body of 
sand partly saturated with oil at a constant input pressure; in the other 
the pressure media were passed through the body of sand partly satu- 
rated with oil at a constant volume rate. No attempt will be made to 
discuss the ramifications of economic problems which enter into the . 
choice of a pressure medium. . Mi 


APPARATUS AND MATERIALS 


The two 6-in. by 6-ft. flow tubes described in Technical Publication 
144 were used in these experiments. They consist of 6-ft. sections 
of 6-in. casing with a blind flange at each end. There are three 1-in. 
well openings in each tube, spaced 2 ft. 4 in. apart, the end wells being 

* Published by permission of the Director, U. 8. Bureau of Mines. 


t Associate Petroleum Engineer, U. 8. Bureau of Mines. 
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8 in. from the faces of the blind flanges. Three }4-in. openings, similarly 
_ spaced, and located at 90° to the 1-in. openings, serve for pressure-gage 
connections. The 1-in. well openings are equipped with miniature wells 
extending to the opposite wall of the tube and having perforated screen 
pipe for the bottom 3 in. or the bottom half of the sand body. Only 
the end wells and the end pressure-gage connections were used. One 
well was used for gas injection and the other as the producing well. 

A fine-grained, white, quartz sand from an outcrop of the Wilcox 
formation, was packed tightly into the flow tubes to form the sand 
reservoir for the oil. The porosity of the sand under these conditions 
is about 30 per cent. Oil from the Bartlesville sand, of 33° A. P. I. 
gravity and a Saybolt Universal viscosity of 60 sec. at 70° F’., was used. 

The various pressure media were (1) propane, (2) a mixture of propane 
and dry gas, (3) air, (4) dry gas, and (5) helium. The propane-dry gas 
mixture consisted of 37.26 per cent. propane and 62.74 per cent. dry gas. 
This mixture gave a gas of the same density as air. Bartlesville city gas 
served for the dry gas. As the gas from the city mains changes in com- 
position from time to time, a sufficient quantity of the gas to complete 
the series of experiments was stored in a high-pressure gas storage system 
provided for that purpose. An ample supply of dry gas of constant 
quality was thus assured. A sample of this gas gave the analysis: 
carbon dioxide, 1.8; illuminants, 0; oxygen, 0.48; butane plus, 1.67; 
methane, 75.22; ethane, 6.95; propane, 3.84; nitrogen, 10.04; total, 
100 per cent. 

The solubilities of the above pressure media in the Bartlesville crude 


used were: 


; Rwnnn Gudisinoeniah Saki Al period Gh US lowiiyli mised )weietios 
4 ; Pressure Medium, Cu. Ft. per Bbl. Pressure 50 Lb. Gage 100 Lb. Gage 
ISLE aye ke L3 ca COLO cis atc er oe 0.7 1.4 
UA Bete recast siathaee Grptaet Segepye s bye att heen s 3.0 6.0 
: ECs cect BOA ible liiswins Vode 9.5 19.0 
2 Propane-dry gas mixture........-.-+++++++- 24.8 49.6 
| te I 407.0. 2262 .4 
peer bere ils re ee ee eee 


PROCEDURE 


All experiments were conducted in a constant temperature bath at a 
temperature of 70° F., and each gas injection run was started with 
the flow tube or sand reservoir partly depleted of its oil by ‘‘natural 
flow.” The state of depletion of the sand, prior to the pressure drive, 
was the same in each case. This was accomplished by charging the flow 
tubes with oil saturated with dry gas at 200 lb. pressure and at 70° F. 
The tubes were then partly depleted by a so-called expulsion run, in 
which the expansive force of the dissolved gas was allowed to expel what 
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oil it would. The degree of depletion brow cht al 
surprisingly uniform. It amounts to approximatel; 
Under ordinary circumstances this does not vary over 0.5 per 
With the flow tubes depleted 23.3 per cent., the gas” injecti ru 
were started. For the runs in which a earns input pressure w 
-3 maintained, a gas cylinder of calibrated volume was connected to t 
input well of the flow tube through a pressure regulator. For the runs 
in which a constant input volume rate was maintained, a small orifice © 
was used in conjunction with the pressure regulator. Except for propane, 
the variable volume input rate of the first type of run (in which the 
flow tube input pressure was held at 25 Ib.) was determined by the pres- 
sure drop on the calibrated storage cylinder. Propane, having a vapor 
pressure of only 120 lb. per sq. in. at 70° F., was in a liquid state in the 
storage cylinder. The volume input of propane was measured by an — 
orifice. . 
The constant input volume rate of the second type of run was main- 
tained by means of critical flow through the small orifice. The volume 
rate in these runs was 0.178 cu. ft. per min. Due to the variation of the 
flow tube input pressure or the downstream pressure of the orifice during 
these runs, an orifice had to be chosen for each pressure medium which 
would produce critical flow conditions through the entire range of pres- 
sures on the flow tube during each run. 


REsuULtTS 


In the first type of experiment, in which the pressure media were 
injected into the flow tube, or sand reservoir partly filled with oil at a ; 
constant pressure input of 25 lb. per sq. in., the data-obtained showed 
that the more soluble gases passed through the oil sand more freely than 
the less soluble gases. In other words, the greatest rate, of gas injection 
at a constant pressure input of 25 lb. was obtained with propane and the 
lowest rate with air. The initial volume input rates were: propane, 1.42 
cu. ft. per 5 min. interval; propane-dry gas mixture, 0.83 cu. ft.; dry gas, 
0.54 cu. ft.; and air, 0.23 cu. ft. per 5-min. interval. These rates declined 
to 0.70, 0.57, 0.46 and 0.21 cu. ft., respectively, by the third 5-min. 
interval, after which they increased as gas injection continued at the 
constant pressure input. At the end of 3 hrs. the rates were: propane, 
4.04 cu. ft.; propane-dry gas mixture, 3.10 cu. ft.; dry gas, 2.40 cu. ft.; 
and air, 1.60 cu. ft. per 5-min. interval. Although a portion of the 
differences in gas injection rates for the various pressure media at the 
end of 3 hr. may be accounted for by the difference in percentage deple- 
tion of the sand, it does not account for the entire difference in rates, 
nor does it account for the difference in the initial rates when the state of 
depletion of the sand was the same in each ease. The difference in 
injection rates for the various pressure media may, however, be explained 


‘ 


EO ee Le eee 


JOSEPH CHALMERS 


as due to the difference in their solubilities. A portion of the more 
soluble gases traveled at least part of the distance through the sand as ~ 


gas in solution in the oil. As the oil with gas in solution moved toward 


a the producing well, and hence toward lower pressures, part of the dis- 


solved gas expanded from solution. This was evidenced by smaller 
pressure drops from input well to within a few inches of the producing 
well in the case of the more soluble gases. The pressure drops varied 
inversely as the solubilities of the pressure media in the oil. 

The greater rates at which the soluble gases passed through the sand 
produced higher rates of recovery. Viewed from the standpoint of the 
gas-oil ratios involved, this did not always mean the most efficient 
operation, as is shown in Table 1. Propane gave the lowest total gas-oil 
ratio. The propane-dry gas mixture and air gave about equal total gas- 
oil ratios which were next in magnitude. Dry gas gave the highest total 
gas-oil ratio. The pressure media may then be named in the order of 
their specific gravities to designate their relative efficiencies in the 
recovery of oil from sands. Although the propane-dry gas mixture was 
considerably more soluble than air in the oil used, its efficiency in the 
propulsion of oil through the sand was not very different by this method 
of analysis. Dry gas, although more soluble than air, was somewhat 
less efficient. 


TasBLE 1.—Relative Recoveries of Oil by Gas Drive M aintaining a Constant 
Input Pressure of 25 Lb. Propane, Propane-dry Gas Mixture, Air and Dry 
Gas; Ye-in. Flow Nipple 
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Propane.........+- 23.3 102 27.3 2,106 62 1,067 21,124 
Propane—Dry Gas 
Mixture.......-. 23.2 142 21.6 2,517 146 2,610 54,302 
Alin Ay lletraqaagdes mie oe 23.2 190 22.0 2,577 190 | 2,577 60,959 
Dry Gas......---:+- 23.4 156 21,1 2,768 168 | 3,060 66,167 
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The work done by the four pressure media used in recovering 22 per 
cent. of the original content of the sand in excess of the 23.3 per cent. 
recovered by ‘“‘natural flow” is also shown in Table 1. In the author’s 
opinion, this gives a better picture of the true relationship between the 
pressure media in connection with their efficiencies ‘n the recovery of oil 
from sands. ‘The greater solubility of the propane-dry gas mixture over 
air and the resulting decrease in energy expended is brought out. Again, 
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although dry gas is more soluble than | air, dr 
This was due to cua excessive Vide of f maared 


in which the pressure media were ie ata nandieih eons rate, 
given in Table 2. These data afford much the same interpretation 
was given for the first type of experiment. Due to the persistent indi 

tion that the densities of the pressure media might have some bearil 
upon their efficiencies in recovering oil by gas injection, helium was tried 
not because there was any likelihood of helium being used as a pressure 
medium but because it was almost insoluble in the oil used and had a a 
specific gravity much lower than air. The result shows that the density 


of a gas does enhance its value as a pressure medium, but only slightly. | 


* 


TapLe 2.—Relative Recoveries of Oil by Gas Injection at Constant Input — 
Volume of 0.178 Cu. Ft. per Min. Propane, Propane-dry Gas Mizture, 
Air, Helium and Dry Gas; 14¢-in. Flow Nipple 
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There are physical and chemical properties of gases or combinations of 
these properties other than those discussed which have their effect upon 
the efficiency of a gas when used as a pressure medium. Perhaps the 
viscosity of the gas or the interfacial tension between the gas and the oil 
plays some part. It is difficult to decide the degrees of importance of 
the various properties in the recovery of oil from sands when almost all 
of these properties change with each gas. Unfortunately, these experi- 
ments give only the cumulative effect of all the variables. 

A comparison of the data contained in Tables 1 and 2 brings out the 
importance of volumetric control of the pressure media in repressuring 
operations. ‘The data in Table 1 represent the results which might be 
expected without volume control of the injected gas, whereas the data in 
Table 2 represent the results with volume control. The second type of 
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' : operation is much more efficient both as to the gas-oil ratios involved 
and the work done to recover a given quantity of oil. 


The two general types of experiments described and discussed were 


performed using a 14,-in. flow nipple in the producing well. Other 


experiments were performed using a }49-in. flow nipple. The only 


‘difference in the two sets of experimental data was in the amount of oil 


recovered for a given volume of gas used or for a given amount of work 
done. The difference was most pronounced when propane was used and 
least noticeable when air was used. As propane is most soluble in the 
oil, it caused the greatest amount of latent energy to be stored in the oil 
in the form of dissolved gas, due to the increased back-pressure on the 
producing well. This stored energy was dissipated after the oil passed the 
flow nipple, and did not aid in the work of moving the oil to the producing 
well other than by effecting a decrease in the viscosity of the oil. Less oil 
was recovered under the slightly increased back-pressure. 


SUMMARY OF CONCLUSIONS 


The following conclusions may be drawn from the data presented: 

1. The density of a pressure medium has some effect upon the recovery 
of oil with a “gas drive.” This is true because of the greater kinetic 
energy available in a denser medium. 

2. The experiments with constant input pressure and constant input 
volume showed the importance of proper control in the effect on the gas- 
oil ratios for the two conditions of gas injection. The total gas-oil ratios 
for equal recoveries of oil were much lower when a constant input volume 
was maintained on the flow tube than when a constant input pressure 
was maintained. 

3. The solubility of the pressure medium in the oil must also be con- 
sidered. The fact that the more soluble pressure media may be injected 
into an oil-saturated sand at lower pressures than the less soluble pressure 
media is not so important when it is remembered that the cost of com- 
pressing gas from atmospheric pressure to 100 lb. per sq. in. is approxi- 
mately two-thirds of the cost of compressing it to 1000 lb. The most 
important feature is to force as much gas into solution in the oil as practi- 
cable and then control the pressure gradient to the producing wells. The 
dissolved gas should expand from solution in such a manner that it will 
do its full quota of work by the time it reaches the producing well. Gas 
which goes into solution too freely does not have the potential energy to 
expand from solution when pressures are reduced. The desired solubility 
of a pressure medium depends upon the pressures existing in the sand 
reservoir. It is true that dissolved gas will reduce the viscosity of the oil 
and probably cause the oil to move more freely, but in the author’s 
opinion, which is based upon the experiments so far conducted, the 
benefits derived from a reduction of the viscosity of the oil are not of 
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“more importance than those which accrue elie lati iz 
of the energy in the gas. . pares deeb biew ata | 


DISCUSSION a ae 


H. H. Hitt,* New York, N. Y.—To sum this up, you found ice asec Littl : 
more efficient as an expulsive agent than dry gas or air, or a mixture of dry gas a 
propane, but the difference is not as much as many of us have been led to believe i 
the past. 


J. CuatmErs.—Yes, if the more soluble gases are used under conditions which pre-_ 
clude their expansion from solution. A point might be brought up in this connection. 
Propane and butane, by-products of gasoline plants, have been injected into the oil 
sand in the Burbank field. In one case they were being pumped into the injection 
well asa liquid. Little or no increase in production of oil was noticed. ; 

I think the explanation is that the rock pressure was sufficient to maintain the 
propane and butane in solution in the oil. There being no expansion of gas from 
solution, one could hardly expect an increase in production. There may be some 
benefit derived from the reduction of the viscosity of an oil by dissolved gas in promot- 
ing its mobility, but it seems that greater benefits accrue by taking advantage of the 
energy stored in the dissolved gas by allowing that gas to expand from solution. 


H. H. Hitu.—On the basis of these tests, would it be advisable to extract the 
gasoline from the gas before it is returned to the sand? 


J. Cuatmers.—No, if a reduction in the viscosity of the oil is as important as 
other investigators have led us to believe. 


H. H. Hizzi.—It is important to know whether it is advisable, in repressuring, to 
extract the gasoline and introduce the dry gas into the sand, or simply inject the gas 
without taking out the gasoline. 


a, 
: 
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J. CHALMERS.—It seems to me that a great deal depends upon how ‘‘wild” the 
gasoline is. The ‘‘wilder” it is, the more useful it will be in repressuring. A pressure 
medium should possess sufficient energy when dissolved in the oil to expand from 
solution as it moves toward the producing wells. 

There probably is a critical point in the relationship between the viscosity and 
surface tension of an oil and its recoverability. That critical point would be the 
point at which gas slippage due to the attending reduction in the surface tension of an 
oil would more than offset the benefit to be derived from a further reduction of the 
viscosity of the oil. The pressure medium should be of such composition as to be 
dissolved in the oil under the injection pressure. Then, in expanding from solution 
as it moves toward the producing wells and areas of lower pressure, the surface tension 
of the oil should be sufficient to retain the gas in the occluded state in order to more 
effectively fill the interstices of the sand with oil thereby giving the gas drive some- 
thing to work against, and eliminating excessive slippage. 


L. 8. Panyiry, Bradford, Pa.—There is a new method which seems to be coming 
into use, whereby the exhaust gases of gasoline engines that are used for power are 
being returned into the wells and used in places where gasoline is being recovered, 
and the gas used over again. What possible effect, good or bad, may result from that? 


J. Cuatmurs.—That is, the burnt gases? I do not know of any bad effect 
other than the fact that exhaust gases from compressor engines are rather corrosive. 


* Petroleum Engineer, Standard Oil Development Co. 
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Bs Law of Flow for the Passage of a Gas-free Liquid through a 
a ; Spherical-grain Sand* : 


By Witiram Scurisver,t Norman, OKA. 


(New York Meeting, February, 1930) 


Tue flow of a gas-free liquid through a spherical-grain sand has been 
investigated by Slichter.!_ By theoretical considerations involving a 
rather large number of approximations he arrives at the following 


flow-formula: 
CPd*At 


Me TRL cs os) 


‘where V is the volume of liquid delivered in time ¢ through a cylindrical 


column of sand of length L and cross-sectional area A by a pressure-drop 
P when the sand grains of diameter d are packed to a porosity m and the 
coefficient of viscosity of the liquid is n. C and B are constants which 
were determined from geometrical relations; B was in reality a function of 
m. Values of B(1 — m) for various values of m were given in a table. 
In the same Annual Report of the U. S. Geological Survey, King? 
reported the results of his experiments on the flow of water through 
porous media. He found that there was a departure of about 86 per 
cent. from a linear relationship between rate of flow and pressure, for a 
specimen of Dunnville sandstone for pressure drops not exceeding 60 
em. of mercury. The specimen was approximately 4 cm. in diameter and 
5.1cem.inlength. Over the same range of pressure he found a departure 
of 45 per cent. for a specimen of Madison sandstone. For unconsolidated 
sands he found departures as great as 49 per cent. for pressure drops of 
70 em. of mercury; for pressure drops not exceeding a few inches of water 
he obtained a close approximation to a linear relation. He also investi- 


* This paper contains results obtained in an investigation on The Effect of Natural 
Gas upon the Viscosity, Surface Tension, Adhesion and General Extractability of 
Petroleum of Various Types, listed as Project No. 33 of American Petroleum Institute 
Research. Financial assistance in this work has been received from a research fund 
of the American Petroleum Institute donated by John D. Rockefeller. This fund is 
being administered by the Institute with the cooperation of the Central Petroleum 
Committee of the National Research Council. Prof. H. C. George is Director of 


Project No. 33. 
+ American Petroleum Institute Research Fellow and Professor of Physics, 


University of Oklahoma. ~~ 
1Q. §. Slichter: Laws of Rectilinear Flow through a Soil. Nineteenth Annual 


Report, Geol. Surv. (1897-98) 301. 
2H, F. King: Principles and Conditions of the Movements of Ground Water. 
Nineteenth Annual Report, Geol. Surv. (1897-98) 67. 
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gated the flow through wire gauze, ee ks a 
porous media, and in only a few cases did he find an approat 
straight-line relation. hi 
With sieved sand he found, in some cases, a fairly good approximation 
to the linear relation between pressure drop and rate of flow. He forced 
air through the sand and computed the effective diameter for the sand 
grains by using Slichter’s flow formula. He then compared the observed | 
rate of flow of water through the sand with the rate predicted by Slichter’s 
formula in which was used the effective grain size obtained by the air- : 
flow measurements. In conclusion he remarks,’ “The failure to conform _ 
with the law amounts to as much as 10 per cent. too rapid to 49 per cent. 
too slow; while the closest agreement is found in sample No. 44 where 
the departures vary from a little more than 1 per cent. too slow to 1.5 © 
per cent. too fast ... It would appear, therefore, that Poiseuille’s 
law for sands and Gen porous media holds only within very much nar- 
rower limits than has been found in capillary tubes.” 
Since there is no ‘‘Poiseuille’s law for sands,” he evidently meant 
that the linear relation between pressure drop and rate of flow does not 
hold. His grain-diameter measurements, which were made by use of air 
and Slichter’s formula, are certainly open to question since the formula, 
if it holds at all, holds only for fluids which suffer a negligible compression 
for the pressures employed. q 
4 


PURPOSE OF INVESTIGATION 


Since the writer was primarily interested in American Petroleum Insti- 
tute Project No. 33 as first proposed, which involved the flow of oils f 
through sands, and since the available theoretical and experimental 
evidence were in conflict, it was deemed necessary first to determine 
empirically a flow formula for the passage of a gas-free oil through a 
packed spherical-grain sand. 


APPARATUS 


A schematic diagram of the apparatus is shown in Fig. 1. The 
spherical-grain sand (glass spheres) was packed in the flow tube which 
was approximately 5 cm. in diameter and long enough to hold a sand 
column 24 cm. in length. The oil (nujol) flowed from an oil reservoir 
having a capacity of 5 1, through a large heating coil and into the flow 
tube. Pressure was applied to the oil by means of compressed air which 
was supplied by a tire pump through a 40-gal. air tank. The pressures 
were measured with an open mercury manometer. The coefficient of 
viscosity of the oil was determined with a viscometer which also served 
to check the constancy of the viscosity from time to time during the prog- 


ress of the experimental work. The heating coil, viscometer and flow 
‘ 


3 Loc. cit. 241. 


a being that of boiling water (maximum variation 98.5° to 99.4° C.): | The | 
quantities of oil delivered were measured by weighing on an equal-arm 


balance, and the times of flow were determined with a stop-watch. The 


- gands were prepared by carefully sieving crystal frosting with new 
_ Tyler sieves. 
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Fic. 1.—APPARATUS FOR DETERMINATION OF LAW OF FLOW FOR PASSAGE OF GAS-FREE 
3 LIQUID THROUGH A SPHERICAL-GRAIN SAND. 

The density of each sand was determined by immersing a known mass 
of the sand in water contained in a calibrated burette and reading the 
increase in volume after all air bubbles had been removed. 

The average diameter of the spheres of each sand was calculated from 
the density and the average mass per sphere, the latter being determined 
by weighing on a sensitive balance 1000 spheres which had been counted 
and recounted. 

The cross-sectional area of the flow tube was obtained by noting the 
rise in the surface of water, when the tube was vertical, for known volumes 
of water. These measurements also revealed the constancy of the 
cross-sectional area of the tube. 

The volume occupied by a sand column was calculated from its length 
and the cross-sectional area of the tube. The former was obtained from 
measurements of three lengths: first, the length from the surface of the 
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the tube; baad rhs bembiied Aeigite sof roi nut, rejlanieh and 
covered plate near the low-pressure end; and third, the dista 
the outside surface of the nut to the low-pressure end of the tube. — 

The porosity of the sand was then calculated from the vol 
occupied by the sand and the volume »v occupied by all the spheres, the 
defining equation being, the porosity, m = (V — v)/V. The volume o 
was calculated from the mass of the sand used and its density. The 
packing of the sand was accomplished by hammering the tube with a 
rubber hammer while screwing in the nut with a wrench. 

The density of the oil at the temperature of the bath was deter 
with a pycnometer. 


PROCEDURE 

With a weighed quantity of sand in the tube and the gauze, spacer and 
nut in place, the flow tube was struck two or three times with the hammer 
and the nut was screwed down tight. This procedure gave the loosest 
stable packing of the spheres. The tube was then put in place in the 
constant temperature bath and enough hot oil was run through the sand 
to remove all the air. Rates of flow in grams per second were next 
observed at various pressure drops. The data were plotted as soon as 
they were taken. Usually runs at a half dozen different pressures were 
sufficient to determine the straight line through the origin. The pressure 
ranges varied from 3 to 16 em: of mercury for the coarsest sand, to 18 to 7 
‘96 cm. of mercury for the finest sand. 

The flow tube was then removed from the bath and by hammering the 
tube and tightening the nut the porosity of the sand was decreased by r 
about 1 per cent. Micrometer measurements of the change in position 
of the nut made possible the calculation of the new porosity. The tube 
was again placed in the water bath, another series of rates of flow was 
determined, and a second straight line was obtained. This procedure 
was repeated for each per cent. decrease in porosity until long continued 
hammering failed to allow further tightening of the nut. Data were 
obtained at each of five porosities for the two coarser sands and at each 
of four porosities for the two finer sands. 

After runs had been made with the tightest packing, the tube was 
opened and enough sand was carefully removed to shorten the column 
from 22 to 10 cm. approximately. The gauze, a longer spacer and the 
nut were put in place and the sand was again brought to its tightest 
packing, the porosity of which was that of the sand for the last run made 
with full length sand column. A last series of runs was made with this 
short sand column. 

Calculation of End Effect 


Preliminary experimental work showed that for a given rate of flow 
the pressure drop through a sand column increased by increments pro- 
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* - portional to the increments of length, when the porosity of the sand was 
constant. All the observations showed that the rate of flow was pro- 

portional to the pressure drop. However a pressure drop as indicated 
by the mercury manometer was not that due to the sand alone but 


included that due to the gauzes and other parts of the flow tube, and 


to the short lengths of pipe leading to and from the flow tube. All of a 
given pressure drop which was not caused by the sand column, will be 
termed the ‘‘end effect.” Since all the curves obtained were straight 
lines through the origin, the total end effect is proportional to the rate 
of flow. Ls 
These facts may be put in the form of the equation 

P, = (pL — e)M/t (1) 
where P, is the observed pressure drop, M the mass of oil flowing through 
the sand in time #, L the length of the sand column, p the pressure drop 
through unit length of sand column for unit rate of flow, and e the end 
effect per unit rate of flow. 

Thus the last two curves obtained for each sand differed in slope Pot/M 
only because of the difference in length of sand column. From the values 
of the lengths of columns and the slopes of the curves, two equations 
are obtained, which may be solved for e, the end effect per unit rate of 
flow. Preliminary experimental work indicated that ¢ did not change 
with the porosity but was constant for a given sand. 

Each observed pressure drop was corrected by subtracting from it, 
the end effect eM/t, thus obtaining the true pressure drop P through the 
sand alone. 

INTERPRETATION OF DaTA 

The experimental work already described shows that the rate of flow 
M/t varies directly as the pressure drop P through the sand alone, and 
inversely as the length L of the sand column. The effect of cross- 
sectional area A and coefficient of viscosity n were not investigated experi- 
mentally, but there are good reasons for believing that M/t varies 
directly as A and inversely as n. The only other factors which influence 
the rate of flow are the diameter d of the spheres, and the degree of 
packing or the porosity m. The flow formula may thus be written: 

M _ kPAdemé (2) 
t In 
where k, a and f are constants yet to be determined. 


Calculation of B 
For any one sand the quantities k, A, d and n are constant and we 


may write 


Rat Lome (3) 
where C = kAd*/n. 
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Jt was reasoned that 8 should approach a limiting value for very lar : 
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Since for each sand data were obta 
the porosity m, four (or five) equations (3) may be writte 
any two for 8 we have ih coesakone ad t,t 
B= log (Ri/R) : 
log A) ob, 


average values of 8, one for Aah of the four aattind in a ordét fe : 
ing diameter of sand grains, were 4.27, 4.38, 4.44 and 4.80. 
These values indicate that 8 must be a function of the diameter d._ 


grains and become very large for very small grains. An equational 
relation which has these characteristics in d(8 — a) = b where a and b are. 
constants to be determined. By method of least squares two normal 
equations involving a and b as unknowns were formed and solved; the 
solution was a = 4.14 and b = 0.0141 or mes yovqyha 

6 = 4.14 — 0.0141/d ie (5) 
Thus for sands having very large grains the exponent of the porosity 
becomes 4.14, while sands having infinitely small grains become imper- 
meable since 6 becomes infinite. 


Calculation of a 


In order to calculate a, all of the values of R = ML/Pt for all the sands 
must refer to the same value of the porosity; the value m = 0.4, 7. e., 
40 per cent. was arbitrarily chosen. Since kAd*/n and 8 are constant : 
for any one sand, it is evident that the value of R for a porosity of 0.4 is a 


8 a 
eee ee (6) < 3 


where 8 has the value given by (5). The averages of the four (or five) 
values of Ro.4, one for each sand, were then calculated. . 
By using any two of the four average values of Ro.4 it can be readily 
shown that 
_ log (Ri/R2)o.4 + 0.0141(1/d2 — 1/d)) sa 4 
log (di/ds) @ 
The average of the six possible values of a was 1.68. 


Calculation of k 


It can also be readily shown that the value of k is given by the equation 
te Roan 

Ade0.48 (8) 

By using the four average values of Ro.4 together with the proper values of 

a and 8, four values of k were obtained, of which the average was 247. 


Or by changing M/t in grams per second to V/t in cubic centimeters per 
second, k = 295. 
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tt blac r ia wt annie The Flow Formula. tal iL. wateb feta: 
“ Eh hus the final flow formula which was determined empirically is 


. 1.68 
oe a = 295 or ae is sual )) 


where Viti is the time rate of flow in cm.*/sec., 

bal hii te is the pressure drop in cm, of mercury per cm. length of 
’ sa. nd column, 

Bis 4.14 — 0.0141/d, 

BEA is cross-sectional area in cm.” enous which the liquid is flowing, 
_n is the coefficient of viscosity in dyne sec. per cm.?, 

dis the diameter of a spherical grain in cm., 

or m is the porosity, 7. e., the fraction of the total space occupied by the 
. sand, which is per aitied by the grains themselves. 

~The following table (Table 1) indicates the accuracy of the flow 


TABLE 1.—Comparison of Observed ‘and Calculated Rates of Flow 
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Rate of Flow per Unit of Pressure Gradient 


be Sand 


' | Porosity Calculated Observed goueaeye 
SS MRL ae I areas Bt ae 0.3870 32.70 | 34.50 =f2 
OS eS a eG os Se Onoda 29 AO 30.30 —2.9 
(WO MOLD CUES. Ge we ches eye sche 0.3653 25.02 26.30 —3.3 
Density = 2.859 g. percm.’....| 0.3533 22.12 22.87 —3.3 
| ee 0.3889 9.65 9.305 43.6 
Mea ee ean se oey 0.3779 8.51 8.52 et 
Meee GM te se ee euss os 0 8 0.3689 7.65 7.45 +2.7 
Density = 2.783 g. percm.’....| 0.3603 6.90 6.72 +2.7 
INES ee ne eo ay eerrorere 0.3958 7.43 7.22 +2.9 
J (Se ORR ae ore ener area or 0.3849 6.56 6.35 +3.3 
"d= 0.0443 em. ag 3715 5.60 5.527 a 
Density = 2. 815 p g. rior em.$. 0.3552 4.59 4.42 +3.8 
Nf 2 ae ae eee er Sete ae ee 0.3934 2.243 2.333 —3.8 

or iil Deas ae cate ee eA 0.38055 1.922 1.939 —0.88 
nh LAP VAN Gl a eR ee ee eee 0.3690 1.660 1.698 —2.2 
a Density. = 2.802... 5... 0...-:- 0.3597 1.460 1.502 —2.8 
Average Difference.......... ol 


ee ean 
Density of nujol at 99° C. was 0.836 grams per cm. 8 
Coefficient ot viscosity of nujol at 99° C. was 0.050 dyne sec. per cm. 2 
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formula for spherical-grain sands. The values of 6 are those given by 
equation (5) and not those actually calculated directly from the experi- 


ties — 
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_ Additional work on this problem was done during the past 
with a somewhat improved apparatus and method. We were d 
the conclusion that the baPeeaa is much more difficult than hha 


not obtained. = 

However, the results indicate clearly that the effect on rate ‘att flow 
of changes in porosity of a sand depends on the grain size. More spec x 
ically stated, a 1 per cent. change in porosity in a fine sand causes a 
greater percentage change of flow than does 1 per cent. change in porosity 
in a coarser sand. This is not in accord with Slichter’s theovatical ¥ 
investigations. The experimental results call for the rate of flow to vary 
as the 1.68 power of the diameter whereas Slichter arrived at the © 
exponent 2. In every case it was found that the rate of flow was propor- — 
tional to the pressure drop through the sand. Since the pressure ranges 
were the same or even greater than King’s, these results contradict 
King’s results. 

Another scheme for dealing with the end effects has been developed, 
important changes in design of the flow tube have been made, and new 
procedures have been devised, all of which should make possible results 
of the desired accuracy. It is hoped that this work can be continued 
in the near future. . 
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Variation of, Pressure, Gradient with Distance of Rectilinear 
Flow of Gas-saturated Oil and Unsaturated Oil through = 
Unconsolidated Sands* mate 


Part I or Frnat Report or A. P. I. PRroJect No. 33 


By. W. F. Croup,+ Norman, OKA. 
(New York Meeting, February, 1930) 


Tue data and information compiled under Part I of this report are the 
results of experiments performed in the petroleum engineering laboratory 
under the supervision of W. F. Cloud, Associate Professor of Petroleum 
Engineering and William Schriever, Professor of Physics, University 
of Oklahoma. 

Prosiems Betine STuDIED 

Most of the time has been spent in trying to determine the rate of 
flow and pressure gradient in a 4-in. flow tube 10 ft. long, which was 
packed with sand of various grain sizes. To date, only two kinds of 
sand have been packed in this tube: 60 to 80-mesh Canadian river sand, 
60 to 80-mesh and 80.to 100-mesh Simpson sand. ‘The original intention 
was to follow the same procedure and use the same types of crude under 
identical saturation pressures of both air and gas, as well as unsaturated 
(dead) oil, flowing the various crudes through several different sizes 
of both Canadian river and Simpson (Wilcox) sands, but lack of time 
has prevented such an intensive study of the problem. 

Some additional time has been spent flowing saturated and unsatu- 
rated crudes, similar to those used in the 4-in. tube, through 1-in. tubes, 
one of which was 2 ft. long and one 5 ft. long. The results obtained 
have been checked against those obtained by using the 4-in. tube, to 
obtain the relation of, diameter and length of tube to rate of flow 
in similar sands. 
LABORATORY EQUIPMENT 

Saturation Tank.—A heavy steel cylindrical saturation tank, capacity 
about 42 gal. was mounted on a platform of bricks, then a galvanized tin 
temperature bath was built around the saturation tank. This contained | 


* This paper contains results obtained in an investigation on The Effect of Natural 
Gas on the Viscosity, Surface Tension, Adhesion and General Extractability of Crude 
Oil, listed as Project No. 33 of American Petroleum Institute Research. Financial 
assistance in this work has been received from a research fund of the American Petro- 
leum Institute donated by John D. Rockefeller. This fund is being administered by 
the Institute with the cooperation of the Central Petroleum Committee of the National 
Research Council... Prof, H. C. George is Director of Project No. 33. 

+ American Petroleum Institute Research Fellow. 
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kerosene as a means of controlling the temperature during saturation. 
The kerosene was stirred continuously by a small motor mounted on the 
top of the tank. The tin tank was completely covered with two thick- 
nesses of Masonite, as a means of further temperature control. 

Oil was poured into the saturation tank through a funnel mounted on 
a 14-in. pipe outside. About 25 gal. of crude was used at each charging 
of the tank. ; 


== 


SHEET. 

2. Motor. 4. Oil line to flow tube. 

3. Low-stage compressor. 15. Temperature bath trough. 

4, High-stage compressor. 16. Flow tube packed with sand. 
5. Receiving tank. 17. Perforated well oil and gas discharge. 
6. Saturation tank. 18. Oil and gas separator. 

7. Nozzle on oil input line. 19. Gas line to meter. 

8. Kerosene bath-temperature control. 20. Oil flow measurement. 

9. Fiber insulation. 21. Wet gas meter. 

10. Oilline from pump to saturation tank, 22. Perforated steel plate. 

12. Sampling device. 23. Pressure-gage connections. 


13. Circulating pump. 


The oil was forced out of the bottom of the tank by pressure obtained 
from the compressor inlet at the top of the tank, thence through the 
circulating pump up the outside of the tank through heavily insulated 
16-in. pipe to the top of the tank, where it was sprayed through a nozzle 
into the chamber of air or gas under pressure. Circulation was main- 
tained until the gage pressure became constant, after which a sample of 
the mixture was taken. 

Sampling Device—The sampling device (Fig. 1) is attached to the 
lg-in. pipe leading from the pump to the nozzle at the top of the tank. 
By opening four needle valves and closing one disk valve on the main 
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flow line, a sample can be by-passed into the sampler and closed-in under 
the saturation pressure. The sampler is readily disconnected by means of 
two 3é-in. unions. The capacity of the sampler is 375 cubic centimeters. 

Measurement of Solubility—-Two methods were used to obtain the 
amount of air or gas absorbed by the various crudes. The sampler was 
strapped to the wall, and suitable 14-in. connections made so as to convey 
the mixture first to a Woulff jar, which was used as a “gas trap,”’ thence 
through rubber tube to a pan filled with water. The gas or air was col- 
lected in graduated cylinders over water. 

The second method was by use of a gas-measuring device designed by 
Dr. Schriever. It consisted of a 14-in. tube extending upward into a 
2-in. tube. The 2-in. tube was kept filled with water. A 30-in. glass 
tube about 114 in. diam., drawn out at the top to a 14-in. hole, telescoped 
downward over the gas eduction tube, thus being between it and the 
2-in. water tube. This glass tube was calibrated in intervals of 5 cu. cm. 
and was raised or lowered by two pulleys and a counterbalance. 

This method obtained the gas or air volume at atmospheric pressure. 
However, when the two methods were checked against each other, they 
never varied more than 10 or 15 cubic centimeters. 

Flow Tube.—The inside diameter of the flow tube is 3.87 in, “The 
length over allis 10 ft. At a distance of 6 in. back from each end, and at 
1-ft. intervals thereafter, the tube was tapped for 3¢-in. pipe connections, 
on which the pressure gages were placed. However, during most of the 
flowing, only six gages were used—five of them placed 2 ft. apart, and the 
sixth gage, which was 6 in. back from the discharge end of the tube, 
only 1 ft. from gage No. 5. 

The inside of the tube was swabbed with hot glue, then sprinkled with 
sand while the glue was still plastic, in order to prevent slippage along 
the inside of the steel tube. 

A piece of 14-in. pipe 8 in. long was then perforated and covered with 
monel cloth and 115-mesh copper gauze. This tube was screwed into a 
bushing 14 by 1 in., the bushing then screwed into the I-in. tap in the 
center of the flange at the end of the tube for a distance of about 614 in. 
This method prevented the escape of sand, and eliminated the 
“end effect.” 

Maintenance of Constant Temperature.—The 10-ft. flow tube was kept 
submerged in a wooden trough lined with galvanized tin, the inside dimen- 
sions of which are 14 by 14 in. by 12 ft. Kerosene was used as a temper- 
ature bath, and the temperature was kept constant by electric immersion 
heaters, two of which are controlled by thermostats. 

Measurement of Air-gas.—A Sargent monel metal wet-gas meter has 
been used satisfactorily for the measurement of the air or gas discharged 
with a given volume of saturated oil. This meter is equipped with a 
special dial graduated to read to 0.001 cubic foot. 
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M easurement of Pressures. —The pressures along the flow tube, input 
and discharge pressures as well as saturation pressures, ‘were measured by 
specially designed and ‘calibrated high-grade pressure gages. Extreme 
care was taken to use gages to suit the pressure range to which they would 
by subjected, and all gages used were frequently checked against a dead- — 
weight tester. 

Fiow TuBe ExpERIMENTS 


Simpson (Wilcox) Sand Screen Analysis. _The white quartz sand 
obtained from the outcrop of the Simpson formation at Roff, Oklahoma, 
has the chemical and physical analyses shown in Table 1. 


TaBLE 1.—Analyses of White Quartz Sand 


Physical Analysis 
Chemical Analysis, Per Cent. ; : = | Difference > Retawat on 
Size of Open- | yesh per Inch | Between Screens, Each Screen, 
ing, Inches ) Inchés | Per Cent. 
Fe,0s, 0.252 0.0195 32 0.26 
Al.Os, 0.590 0.0138 42 0.0057 1.69 
CaO, 0.090 0.0110 50 0.0028 2.60 
MgO, 0.028 0.0087 60 0.0023. »°).) @eeteae 
Organic | 
matter, 0.104 0.0082 65 | 0.0005 | 5.92 
SiO, 98 .87 0.0069 | 80 0.0013 8.18 
0.0058 100 9 OLOCLK <a moe ae 
0.0049 — 115 | 0.0009, - +]. 28.34 
0.0041 | 150 | 0.0008 | 20.72 
0.0029 | 200 | 0.0012 1B sy! 
Percentage passed through 200-mesh screen | 4.98 — 
Total, 99.96 


TaBLE 2.—Analyses of Canadian River Sand 
. 


Size een. | Mesh per Inch | Between Sereens, gy Percentage of Total 
| 

0.0195 32 | | 1.47 0.29 
0.01388 42 0.0057 | 6.00 L220 
0.0110 | 50 0.0028 | 101.00 20.20 
0.0087 60 0.0023 | 208.65 41.70 
0.0082 65 0.0005 39.43 | 7.80 
0.0069 80 0.0013 ° | 13.855 4G 2.70 
0.0058 100 0.0011 ) ono | 14.60 
0.0049 Ud iis; 0.0009 | 15.85 2.80 
0.0041 150 0.0008 24.20 4.56 
0.0029 200 0.0012 | 9.75 1.90 
Passed through 200-mesh screen | 11.20 2.20 
| Total 99.95 
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These results are the average of five separate screenings. Five hundred 
grams were used in each screening.. The sand was thoroughly dried 
before the analysis was made. Each sample was shaken 20 min. on a 
Ro-Tap screening machine. Standard testing sieves were used. 
Canadian River Sand Screen Analysis.—This sand was obtained from 
the sand dunes in the Canadian river bed southwest of Norman, 


Fig. 2.—Canapian 60 To 80-MESH SAND. 
Fic. 3.—Ortawa 20 To 24-MESH SAND. 
Fig. 4.—Orrawa 20 To 24 AND Srupson 60 TO SO0-MESH SAND. 
Fig. 5.—Simpson 60 To 80-MESH SAND. 
INE E eatey, 


Oklahoma. The same procedure and equipment were used as in the 
screening of the Simpson sand (Table 2). 

Figs. 2 to 5 portray the physical characteristics of 60 to 80-mesh 
Canadian river sand, 20 to 24 mesh Ottawa testing sand, and 60 to 80- 
mesh Simpson (Wilcox) sand. 
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Filling the Tube with Sand—The tube is placed on end, with all 
openings closed with 3¢-in. plugs, to obtain the volume. This was done 
by filling it with a known weight of water at a known temperature. 
It is necessary to know the exact volume of the tube before the porosity 
can be calculated. 

After the determination of the volume, the tube was placed on end 
with the perforated ‘‘well,”’ the lower blind flange and gasket, and the 
gage connection nipples which are packed with lead wool and cotton, all 
tightly in place. The upper blind flange and gasket are removed, so the 
sand could be poured in at the top. 

The sand of known density and grain size is thoroughly dried and 
weighed before being poured into the tube. Care is exercised to see 
that the room temperature at the time of filling the tube is at least 
10° above that to be maintained in the temperature bath of the 
wooden trough. This should prevent the tube from expanding under 
the experimental pressure, as well as under the temperature of the 
kerosene bath. 

As the sand is poured into the tube, the tube is hammered vigorously 
with two sledge hammers. Pouring and tamping with hammers is con- 
tinued until the tube is filled, after which the upper inside perforated plate 
is fitted into the upper end of the tube. A strong spiral spring about 
6 in. long, similar to those used on railroad car wheel trucks, is placed upon 
the plate. Six 4-in. bolts 8 in. long are tightened down through the 
flange, then the hammering is continued. As the nuts on the bolts become 
loose, they are tightened. In this way the hammering and tightening of 
the spring assist materially in getting the proper amount of sand in the 
tube, as well as to make a compact charge of sand of desired porosity. 

After the sand is packed to the porosity required, the blind flange and 
gasket are put in place and tightened. 

While the tube remains in a vertical position unsaturated (dead) oil is 
circulated in at the bottom and out at the top, in order to displace the air 
from between the sand grains. 

The tube is then lowered into the trough containing the kerosene bath, 
and the proper connections (3¢-in. unions) tightened, preparatory to 
starting the oil flow. 

Methods of Experimental Flow.—Most of the oil flows have been made 
at 250 lb. saturation pressure, unless ‘“‘dead’’ oils were being run. How- 
ever, the input pressure on the tube has been held at 250 Ib. during almost 
all of the experimental flow. 

The oil of known temperature, gravity, and viscosity in the saturation 
tank is sprayed through the air or gas space above the oil in the tank until 
the gage pressure becomes constant, after which a sample is taken and 
analyzed for solubility. 
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It usually requires about 314 hr. to make a complete flow of a certain 
type of mixture. Four men are necessary—one to regulate the input 
pressure, one to regulate the various back-pressures used, one to measure 
the oil, and one to measure the air or gas discharged and record the data. 
Volumes and readings are usually taken every 5 min., but the data have 
been recorded at 1-min. intervals. 

The different crudes used have been saturated at the same pressures 
and temperatures, and flowed through the same sand under identical 
conditions of temperature and pressure control. Usually two volume and 
meter readings were taken at each known pressure; but if the results 
varied, two other readings were taken and the four results averaged. All 
six gages along the tube were read at the beginning and at the end of each 
5-min. run. 

Gas Used.—All the natural gas used in this research work is a dry gas 
from the Chickasha gas field near Chickasha, Okla. It is piped into the 
petroleum engineering laboratory through a meter recording volume 
and pressure, at pressures ranging from 22 to 30 pounds. 

Crude Oil Used.—The following types of crude oil were used in 
the experiments: 


Kiefer —A. P. I. gravity 31.5° at 60° F. Saybolt Universal viscosity 
57.2 sec. at 100° F. 
Tonkawa.—A. P. I. gravity 37.3° at 60° F. Saybolt Universal vis- 
cosity 39.7 sec. at 100° F. 
Cromwell—A. P. I. gravity 33.8° at 60° F. Saybolt Universal vis- 
cosity 53.6 sec. at 100° F. 


Resutts oF FLow-TuBE EXPERIMENTS 


Comparative Solubilities of Crude Oils.—Kiefer Crude.—This oil has 
been in storage more than 20 years. At 250 lb. saturation pressure, 
375 ¢.c. of it will absorb 2711 c.c. of dry gas at 86° F. This is a gas oil 
solubility factor of 7.25. 

At 86° F. it will absorb 716 c.c. of air. This amounts to an air-oil 
factor of 1.90. 

Tonkawa Crude.—This oil is from the Wilcox sand. At 86° F. it has 
an A. P. I. gravity of 39.5°. The gas-oil factor of solubility is 9.50. 

At the same temperature, this oil will absorb 1025 e.e. of air per sam- 
pler full (375 ¢.c.). This is a solubility factor of 3.00. 

Cromwell Crude.—At 86° F. 375 ¢.c. of this oil will absorb 3125 c.c. of 
gas at 250 Ib. pressure, a gas oil solubility factor of 8.33. 

At the same pressure and temperature, 749 c.c. of air were absorbed. 
At 125 Ib. pressure this oil absorbed 370 c.c. of air. This amount is 
proportional to the customary pressure of 250 lb. at the same temperature. 


os VARIATION OF PRESSURE GRADIENT 


‘Unsaturated vs. Saturated Oil— In all cases the unsaturated (dead) 
oil of all types flowed faster at equivalent pressures than the same oil 
when saturated with either air or gas. 

_ The pressure-gradient throughout the entire length of 9 ft. along the 
flow tube between the pressure gages is a straight-line curve when 
“dead” oil is owed; that is, the rate of flow and pressure-drop per foot for 
unsaturated oils is uniform, and it is proportional to the input or dis- 
charge pressure. 

Unsaturated oi] will flow faster through the same sand at the same 
pressure and yet maintain a lower pressure-gradient than will an oil 
saturated with air or gas. This is shown by the curves on (Fig. 6). This 
is true whether the various mixtures are back-pressured or not. 
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Fic. 6.—PRESSURE GRADIENTS AT VARIOUS BACK-PRESSURES. 
Curves for 50,180,200 Ib. are not recorded here, in order to avoid overlap of curves. 


Air-saturated vs. Gas-saturated Oil—Air-saturated oil will flow at 
less pressure than gas-saturated oil, and the gradient curve will be 
straighter. This is shown on Fig. 6. 

Apparently the oils of higher gravity and low viscosity flow faster 
when saturated with gas, provided adequate back-pressures are used. 
The more viscous oils seem to flow faster when saturated with air. 
However, more experimental work should be done along this line before 
definite conclusions can be drawn. 

Judging from the types of oils and the dry gas used in this work, gas 
is approximately 3.76 times as soluble as air at the same pressure 
and temperature. 

Grain Size and Rate of Flow.—At 100 lb. pressure unsaturated Crom- 
well crude flowed 14.2 times as fast through 20 to 24-mesh Ottawa sand 
packed to 36.7 porosity as it did through 60 to 80-mesh Simpson sand. 

Cromwell crude unsaturated flowed through 60 to 80-mesh Simpson 
sand at the rate of 685 ¢.c. per min. at 250 Ib. pressure. The same crude 
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at the same pressure flowed at the rate of 280 c.c. per min. through 80 to 


100-mesh Simpson sand. 
Variation of Rate of Flow with Distance—Unsaturated Tonkawa 
crude flowed through 60 to 80°Simpson sand packed in a 1-in. tube 5 ft. 
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Fic. 7.—PRESSURE GRADIENTS WITH DISCHARGE VALVE WIDE OPEN. 
long to 35.5 per cent. porosity at the rate of 210 c.c. per min. Ina 1-in. 


tube 2 ft. long, using the same sand at 36.0 per cent. porosity, the same 
crude under the same conditions flowed 530 ¢.c. per minute. This means 
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Fic. 8.—RATE OF FLOW OF VARIOUS CRUDE OILS. 


that the rate of flow is inversely proportional to the length of the flow 
tube if the other factors are constant. 

Charts and Curves.—Fig. 6 shows various pressure gradients at back- 
pressures of 10, 90, 170, and 230 lb. for gas-saturated, air-saturated, and 
unsaturated crudes. Back-pressures of 50, 130 and 200 lb. were used also, 
but the curves were omitted to prevent complicating the chart. 
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Fig. 7 shows various pressure gradients with discharge valve wide 


open. The oils were saturated with gas at 250 lb., with air at 150 


and at 250 lb. Flow was through 60 to 80-mesh Simpson sand. 

Fig. 8 shows rate of flow in cubic centimeters per minute of unsatu- 
rated Tonkawa and Kiefer crudes, gas-saturated and air-saturated Ton- 
kawa crude, and gas-saturated Kiefer crude under back-pressures ranging 
from 10 to 2301b. The input pressures were at 250 pounds. 


CONCLUSIONS 


While this line of research is still in its infancy and the field of applica- 
tion to be continued more fully in detail, the research workers feel 
confident in submitting the following conclusions as being typical of the 
work, in so far as unconsolidated sands are concerned: 

1. The rate of flow of an unsaturated or saturated crude oil is inversely 
proportional to the length of the flow tube. 

2. Unsaturated crude oils flow faster at the same input pressure than 
do the same oils when saturated with either air or gas at the same 
tem perature. 

3. The pressure-gradient throughout the entire length of the flow 
tube is a straight-line curve when unsaturated oils are used; that is, the 
rate of flow and pressure drop are uniform, and are proportional to the 
input or discharge pressure (back-pressure). 

4, Air-saturated crude oil will flow faster at the same input pressure 
than gas-saturated oil, and the pressure-gradient curve will be straighter. 

5. Viscosity is the prime factor affecting the rate of flow of an unsatu- 
rated crude oil. 

6. The resistance offered by the presence of gas bubbles as gas comes 
out of solution in the flow tube is the prime factor affecting the rate of 
flow of a saturated oil. 

7. Gas-saturated crude oils of low viscosity respond better to back- 
pressure control than do air-saturated or unsaturated oils. 

8. A slight change in temperature will more readily affect the rate 
of flow of an unsaturated oil than it will a saturated oil. 

9. Gas or air bubbles in a saturated mixture cause least resistance to 
flow when high back-pressures are used, and are released slowly to pres- 
sures below the input pressure. Applying high back-pressure after 
gas-saturated or air-saturated crude has been subjected to open flow 
will not obtain the same rate of flow as would be obtained by gradually 
opening the discharge valve to high back-pressure, permitting the gas 
to come out of solution slowly, thus controlling the size of the bubbles 
between the sand grains. Bubbles when once formed are difficult to 
reduce in size sufficiently to reestablish the initial rate of flow as obtained 
at higher back-pressures. 
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DISCUSSION 


H. C. Georer,* Norman, Okla.—I am particularly interested in some deductions 
to be made from the results secured by Professor Cloud and Dr. Schriever in con- 
nection with A. P. I. Project No. 33. Since the decrease in flow from an oil sand to a 
well is due to an escape of gas from the oil in excess of the gas-oil ratio and the obstruc- 


~ tion resulting from the presence of this gas in the form of bubbles in the sand near the 


well opening, caused by this excess gas coming out of solution with the decrease in 
pressure as the oil approaches the well, why not in new fields try the experiment of 
operating all wells with no well producing at less than the initial rock pressure? This 
statement doubtless sounds rather pecular. 


H. H. Hit1,t New York, N. Y.—How will you get any flow of oil? 


H. C, Gzorce.—Let us take a hypothetical case. Suppose you have a small 
closed structure with an initial rock pressure of, say, 300 lb. per sq. in. Assume that 
all wells are completed before any are produced. Build up a differential pressure 
above the initial rock pressure by compressing gas or air, introduce this compressed 
gas into key wells and at the producing wells maintain a back-pressure on the sand 
equivalent to the initial rock pressure. The building up of this differential at the 
key wells should cause the oil to move towards the producing wells with none of the 
gas coming out of solution within the sand, and we should have the same condition 
of flow as when dead oil or oil free from gas is flowing through a sand. 


H. H. Hiy.— You will have to maintain a considerably higher pressure than the 
rock pressure, in order to hold the rock pressure at the well, because I believe the 
results to date have indicated that there is an appreciable drop in pressure just a few 
inches from the well. 


H. G. Grorcr.—Of course the oil itself, the minute the well is tapped, will rise in 
the well to a head equivalent to the rock pressure existing. 


F. M. Brewster,t Bradford, Pa.—Does it not all tend to show that what you are 
trying to approach is a hydrostatic pressure? 


H. C. Georau.—That is what we have. 


F. M. BrewstTER.—It is going to cost too much money. Take the Bradford field 
as a good example. There we want to get as big a differential as we can across the 
wells to get our flow. We are taking out twice as much oil as was originally taken 
out naturally. We have a 9000-lb. differential across a space of 175 ft., and we are 
getting more oil. To my way of thinking, it shows that what Chalmers brought out, 
and what Herold brought out, indicates that more oil is obtained, and that is what 
we are interested in, by approaching as near as possible to a constant push, and of 
course, the ultimate in that would be the hydrostatic push. 


H. GC. Grorce.—I am talking about new fields with the initial rock pressure, 


where the wells have never produced and no gas has ever been permitted to come out 
of solution. I am satisfied, in my own mind, that there are some oil fields where 


this method will work. 


H.' H. Hiw1.—I think it is going to be a practical proposition of getting the gas 
into the sand. The gas will go into solution very slowly through the input wells, 


* Director, School of Petroleum Engineering, University of Oklahoma. 
+ Petroleum Engineer, Standard Oil Development Co. 
+ General Manager, Belmont Quadrangle Drilling Corpn. 
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and in order to get much movement you may have to use pressures several times 
the rock pressure. 


H. CG. Grorer.—It. would be like kicking off an air-gas lift well; the starting is 
going to be. most difficult. 


F. M. Brewsrer.—Your main object is to keep that gas in solution and not let 
it expand? 


H. C. Groren.—Yes. 


F. M. Brewster.—Why not put fluid in the intake well? Take a new field at 
300 lb. You do not want to put any more gas in, because that is troublesome now, 
and you do not want it to expand. Instead of introducing gas, why not put in water 
or some other fluid, with no gas in it? And it is easier to repressure by liquid. 


H. C. Greorer.—lI thought of that, but you must admit that at Bradford the 
introduction of water has trapped a great deal of oil. My idea of utilizing the gas is 
that if a condition of this sort had existed, the gas would have been in a reservoir 
after the oil was removed, and be there as a resource. 


H. H, Hitu:—This finding at the University of Oklahoma is very important and 
is different from the results of past experiments. . The original experiments that were 
made by Beecher and Parkhurst and by the U. S. Bureau of Mines, have indicated 
decided advantages of dissolving gas in oil, reducing the viscosity and surface tension, 
and therefore enabling the oil to move more readily through the sand. Here we 
have a ease just the opposite, a gas-free oil, in other words, an oil that has been stand- 
ing for 20 years or so, actually flowing through the sand more readily than when this 
same oil is saturated with gas. 


J. CuatmMeErsS,* Washington, D. C——In maintaining the pressure differential and 
the output pressure such that the gas will stay in solution, there is great danger of 
forming a channel through the sand. We know that, depending upon the size of the 
interstices of the sand, there is a capillary retention of the oil which tends to hold 
the oil in suspension through the thickness of the sand. Under certain sand conditions 
in the field, the coarser portions of the sand may be thin enough so that the force of 
capillary retention is sufficient to hold whatever oil there is in the sand evenly dis- 
tributed from top to bottom. But there are other sand conditions in which the size 
of the interstices and the thickness of the sand body are great enough to allow a 
gravitational separation of the oil and gas in the sand. The minute that takes place 
there will be slippage of the introduced gas along the top of the sand, and, that>is 
just the point, where, allowing the gas to expand from solution has its greatest benefit. 
If there is that tendency for a gravitational settling of the oil, allowing the dissolved 
gas to expand from solution will tend to counteract it, maintaining a more perfect 
seal across the thickness of the section of sand and giving the pressure media some- 
thing to work against, in order to drive the oil out of the sand. 


I. I. Garpescu,t Pittsburgh, Pa.—I wish to call attention to a contribution by 
Dr. Augustus F6ppl on the flow of ground water into a well.!. Dr. E. B. Wilson, 
of Harvard, who has been actively engaged in the study of problems of drainage and 
flow of water in sand reservoirs, considers Féppl’s equation much nearer actual field 
data than either Poiseuille’s or Schlichter’s equations. 


* Associate Petroleum Engineer, U.S. Bureau of Mines. 
} Petroleum Engineer, Research Department, Gulf Production Co. 
‘A. Féppl: Vorlesungen tiber Tech. Mechanik, 6, 450-452. 
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The author points out the possibility of applying the data obtained from flow 
experiments on dead oil to the flow of oil and gas: through sand. The resistance of 
gas bubbles in capillary tubes is not representative of the true resistance of gas*bubbles 
confined to sand interstices.’ ~The resistance of the bubbles ‘is a function of their size, 
number, and distribution. The experiments referred to do not séem to be representa- - 
tive of the flowing conditions‘in the reservoir sand. In these experiments the pressure 
gradients were relatively large and the flow of sufficient velocity to carry: the bubbles 
along as soon as they formed. ' Underthese conditions it'is possible that the dynamic 
resistance of the gas bubbles is constant, as shown'by experimental data. © However, 
where the pressure ‘gradient is small and 'the rate of flow is reduced, the resistance of 
gas bubbles is not constant and experimental data show that the range of variation » 
is very great. The static resistance of the gas bubbles is apparently much greater 
than the dynamic resistance. . The experiments I refer to were performed ‘at small 
pressures. Whether the same holds true at high pressures, I.do not know, but: the 
subject should: be investigated ' more thoroughly before the analogy ‘with dead ‘oil 
can be made. 


C. 8S. Corserr,* New York, N. Y. (written discussion).—The suggestion of Pro- 
fessor George that it would be advantageous to take production from an absolutely 
new field at back-pressure equal to or greater than the reservoir pressure is of great 
interest and seems to possess unusual possibilities for completeness of extraction. 

It involves raising the pressure within the reservoir formation to a point where 
production can be secured without permitting any of the dissolved gas to come out 
of solution. From the oral discussion one gets the impression that the general reaction 
to the idea is that although it is interesting it is also rather impractical. Unquestion- 
ably it presents problems the solution of which the results cannot be definitely foreseen 
at this time but it also seems to have merits that warrant serious consideration. 

To raise the reservoir pressure requires the forcing of gas or liquid into the sand 
before extraction begins. It has been suggested that if gas were used there would 
be further solution of gas in the oil, which would tend to defeat the purpose of the 
pressure-raising operation. In addition, Mr. Chalmers argues that gravity separation 
in the sand around the input wells would result in gas moving from input to outlet 
wells without performing the desired work. So far as the introduced gas goes into 
solution in the oil, there would not be an accumulation of this gas under gravity control 
and, to that extent, the two objectionable features could not both be operative. 

It seems probable that the introduced gas would readily go into solution in the 
oil if the two were intimately mixed and the oil subjected to any important stirring 
action. If so, the gas should certainly not be injected through oil wells, as Mr. 
Chalmers assumed would be done, but should be introduced into crest wells which 
penetrate the sand in the free-gas area. In this way solution of additional gas in 
the oil would be kept at a minimum, since it could proceed no faster than diffusion 
would permit aided only by the slight stirring effect which would accompany down- 
ward movement of the oil toward producing wells. The nature of the reservoir 
space would tend strongly to inhibit any stirring effect under the slow motion that 
would prevail. 

The system would be somewhat analogous to that of lifting water from a closed 
tank by pumping air into the top of the tank and letting the water emerge by way of a 
pipe leading out from the bottom of the tank. The analogy is strengthened if we 
assume that we are dealing with carbonated water and pumping in CO» gas as the 
driving agent, the carbonated water escaping through a check valve set at a pressure 
sufficient to prevent escape of CO: gas from solution in the tank or pipes. 


* Geologist, Gulf Oil Co. 
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The success of the method using gas drive would probably depend mainly, if not 
entirely, upon the rate of solution of gas in oil under the increased pressure, which 
in turn depends upon the rate of diffusion of gas dissolved in oil. I have not found 
any published information regarding the rate of diffusion of gas in oil. Some research 
to secure appropriate data would be desirable. It would seem that Professor George’s 
experimentation could readily be carried further to test out his suggestion and it is 
to be hoped that he will find an opportunity to do this. 

Should rapid solution of gas prevent extraction of oil at a pressure equal to or 
higher than reservoir pressure by means of the gas drive, there remains the possibility 
of using water drive. It would be undesirable to introduce water in a new field in 
any structural position other than through edge-water wells. In other words, line 
flooding would have to be used to prevent the shutting off by introduced water of 
large quantities of oil, which would inevitably result from the use of the five-spot or 
seven-spot methods of flooding. ; 

Without entering into a discussion of each item, it may be worth while to list the 
advantages which each method—gas drive and water drive—may have over the other 
in taking the production under back-pressure equal to or exceeding formation pressure. 


Advantages of Water Drive 


1. Avoidance of the gas-solution effect already discussed as possibly offering a 
serious drawback to the use of gas drive. 

2. Lower pump pressures required, since the hydrostatic pressure in the input 
wells would supply a considerable portion of the total pressure needed for recovering 
the oil. 

3. Opportunity to use and market the gas from the field currently with the opera- 
tion of the field. 

Advantages of Gas Drive 


1. Less friction of movement of gas through sand than of water. 

2. Saving of much of the pressure of the gas coming out of solution in the crude by 
double trapping, the gas from the higher pressure trap being taken to high-stage 
compressors for return to the sand. 

3. Smoother surface between oil and gas than between oil and water because of 
the greater specific gravity difference between the former; therefore less by-passing 
of oil by gas drive than by water drive. 

4. Oil by-passed by gas would remain free draining and would have a long time 
to flow down dip to join again the main body of oil. 

5. Smaller investment in drilled wells required to initiate production, because 
(1) the edge of the field would not first have to be found and (2) a much smaller > 
number of input wells would be necessary to introduce gas in the free-gas area than to 
maintain a line drive with water. 

6. Opportunity to rework the field with water drive after it has been completely 
worked over by gas drive. 
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Behavior of Gas Bubbles in Capillary Spaces* 


By Ionet I. Garpescu,{ Pirrspuren, Pa. 
(New York Meeting, February, 1930) 


NATURAL gas influences the movement of oil through reservoir rock 
by affecting the physical properties of the oil and the pressure within 
the reservoir. The presence of gas bubbles changes the laws of flow 
and the distribution of forces. 

The problem of flow of oil and gas through a porous rock is complex, 
and most authors, in order to analyze their problems, have found it 
necessary to make or accept certain generalized assumptions. Some 
of these assumptions, particularly the ones dealing with capillary phe- 
nomena and molecular forces, have not received sufficient attention 
and by lack of understanding have often been misinterpreted. 

Herold! has called attention to the resistance offered by gas bubbles 
in capillary spaces and has drawn some interesting conclusions with 
regard to the action of natural gas in a reservoir rock. He has dupli- 
cated an experiment of the French physicist Jamin, has interpreted his 
findings in terms of molar mechanics, and, from experimental observa- 
tions, has made a number of assumptions which he later applies in dis- 
cussing problems of natural flow and recovery of oil. The Jamin action 
is an assumption because it lacks a physical proof and has never been 
determined quantitatively. 

Tickell? attempts to develop a formula expressing the work performed 
by a distorted bubble. H. A. Wilson, in the recent publication of the 
American Petroleum Institute on the function of natural gas, dis- 
cusses the phenomenon in terms of classical physics. Both contri- 
butions are incomplete and offer no experimental data. 

This paper includes a study of the static condition of equilibrium of 
gas and liquid bubbles confined to capillary spaces. In order to avoid 
any possible confusion, it is proposed to restrict the term “Jamin action” 


* Portion of a thesis presented by the author in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy in Petroleum Engineering, University 
of California. 

+ Petroleum Engineer, Research Department, Gulf Production Co.; Lecturer in 
Petroleum Technology, University of Pittsburgh. 

1S. Herold: Analytical Principles of the Production of Oil, Gas, and Water from 
Wells. Stanford Univ. Press, 1928. 

2F. G. Tickell: Capillary Phenomena as Related to Oil Production. Trans. 
A. I. M.E., Petroleum Development and Technology (1928-29) 343. 
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to a boundary effect caused by the hysteresis of the angle of contact 
of the liquid gas interface with the solid surface. The Jamin action 
as defined occurs both in uniformly and irregularly shaped capillary 
spaces whenever the liquid does not ‘“wet”’ the solid walls. The dis- 
tortion of gas bubbles’ when forced through. small openings is herein dis- 
cussed as a separate phenomenon. The distortion of gas bubbles in 
motion will not be included in the present paper. 


Tur JAMIN ACTION 


The Jamin action-is the resistance caused. by the boundary condition . 
of detached gas and liquid bubbles confined to capillary spaces. 

In a uniform capillary tube the whole system of alternating liquid 
and gas bubbles is referred to by Poynting and.Thomson as.the Jamin 
tubes, which they deseribe}as follows:*. - 


. . . they are simply capillary. tubes containing a large number of detached drops_ 
of liquid; these can stand an enormous difference in pressure between the end of the’ 
tube without any appreciable movement of the drops along the tube. Thus, suppose 

that AB, CD, EF (Fig..1) represent three con- 


secutive drops along the tube, then in conse- 


quence of the different curvatures of AB at A 
and B the pressure in the air at A will be greater 
than at B, while the pressure at C will be greater 
than at D, and so on; thus each drop transmits a smaller pressure than it receives, if 
we havea large numberof drops:in the tube the. difference in pressure at the ends 
arising in this way may: amount,to several atmospheres. 


Fic. 1—CoNskECUTIVE DROPS IN 
CAPILLARY TUBE. 


The resistance of the bubble is independent of its length (Stanley 
Herold) since it is caused by a boundary condition at the two extremities 
of the bubble. The same phenomenon is observed if a column of liquid, 
confined toa small tube,.is subjected to a slight displacement. The 
column of liquid will, behave like an elongated bubble. 

If mercury is forced up.a narrow capillary tube and then the pressure 
is gradually diminished, the mercury at first, instead of falling in the 
tube, adjusts itself to the diminished pressure by altering the curvature 
of its meniscus; it is only when the fall of pressure becomes too large for 
such an adjustment to be possible that the mercury falls in the tube; 
the consequence is that the fall of the mercury, instead of being contin- 
uous, takes place by a series of jumps (Poynting and Thomson). 

In 1866, M. Nageli,* in studying the motion of a column of water in 
a capillary tube, proved that there is a resistance to flow offered by. the 
surface meniscus of the water column. He! assumes that. the resistance 


3 J, H. Poynting and J. J.'Thomson: A Text. Book on Physics. Properties of 
Matter, 142. London, 1914. C. Griffin & Co., Ltd. 

*M. Nageli: Uber die Theorie der.Capillaritat. Bull, Acad. of Science of Munich 
(1866) 1, 597. 


venting the liquid immediately behind it from moving 
along the axis of the tube than along the walls of the tube. 


‘tant applications in the seepage of water through porous media.” 


the “sealing up” condition of a pool. He expressed the resistance 
ered by the bubbles in terms of surface tension and the difference 
‘ the cosines of the angles of contact. 


a r Hysteresis of Angle of Contact 

ao 

To better understand the Jamin action, it is necessary to discuss the 

_ variation of the angle of wetting. Edser’ gives the following description: 

_ “when a liquid does not spread over a solid, the surface of the liquid 

joins the solid at an angle which, within certain 
limits, is definite. The angle between the sur- 

face of the liquid and the solid-liquid interface. ; 

(Fig. 2) is called the contact angle for the solid * = 

and liquid.” If S, is the gas-solid surface EGE SONAR LEE 

tension, .Si2 the solid-liquid surface tension and 

 S_ the gas-liquid surface tension, the following relationship must exist 
-when the system is in equilibrium: 


y S; = Sie + S82 cos 4 
or Si- Sie [1] 


Sa 


In order to “wet” a surface, the contact angle must be reduced to 
zero. In other words, the difference between the surface tension of the 
solid and the surface tension of the solid-liquid interface must be equal to 
or greater than the surface tension of the liquid. , 
fae Sulman® found that for most solids in contact with water, the observed 
-__-yalue of the contact angle depends on the way in which the first condition 
4 is arrived at. When a liquid reaches its final state of equilibrium by 
spreading over the dry surface of a solid, the contact angle is greater 
than when the liquid reaches its final state of equilibrium by receding 


ae Re Sa Oa ee a 
5 C. Wolf: The Unsteady Motion of Viscous Liquids in Capillary Tubes. T'rans. 


Wisconsin Acad. of Science, 12. 
6M. R. Daly: The Diastrophic Theory. Trans. A. I. M. E. (1916) 56, 733. 
7B. Edser: The Concentration of Minerals by Flotation. British Assn. for Adv. 
of Science, Fourth Report on Colloid Chemistry, 289. 
8H. L. Sulman: A Contribution to the Study of Flotation. T'rans. Inst. of Min. 
and Met. (1919-20) 29. Hysteresis of contact angles, 88. 


10wledge of the retarding influence of the meniscus would have 


In 1916, Marcel R. Daly® discussed the Jamin action in connection _ 
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from a previously wetted surface. It has been suggested by Sulman 
that (@’ — 0), the difference between the maximum and minimum values 
of the contact angle, should be called the hysteresis of the contact angle. 
This difference, although variable, runs in the neighborhood of 50°. 
Scarlett, Morgan and Hilderbrand® give the following account with 
regard to the hysteresis of the contact angle: 
_A plane surface of the solid is inclined to such an angle that the liquid-gas inter- 
face remained horizontal, as tested by oblique reflection, right up to the sclid surface 


(Fig. 3). It was found, however, that a horizontal interface could be maintained 
over long periods of time with widely 


h S: different angles of inclination of the 
= >. plate. An interface which climbs up 
: gi the plate may be made horizontal either 


Fig. 3.—Hysruresis or contact Anais. by increasing the inclination of the plate 

toward the horizontal, or by lowering it 

with inclination unchanged. It was expected at first that a true equilibrium angle of 

contact would be approached if sufficient time were allowed. It was found, however, 

that the inclination of the plate could be varied over wide angles without giving rise 
to any movement of the line of contact over periods up to 24 hours. 


The Jamin Tube 


Consider now the Jamin tube and assume that the liquid does not wet 
the surface of the glass. Let @ and @’ be the two angles of contact (Fig. 4). 
From A to B the surface of the 
glass is wetted by a liquid, while 
from B to C the surface of the glass 
is dry. Considering a slight dis- 
placement of the bubble from A to : Aa 6 8 < 
A’ and B to B’, it will be noticed Fic. 4—Hysrermsis or CONTACT ANGLE 
that at B the liquid comes in con- eS Ne Te 
tact with a dry surface, while at A the liquid comes in contact with a wet 
surface. The contact angle 6’ is greater than 0. ; 

The law of minimum free energy tends to bring the meniscus of the 
liquid to a spherical surface. We can, therefore, readily calculate, as a 
first approximation, the two radii: 


, 


r 
Ci and re = cos [2] 


cos @ 


Writing the equation of Laplace for the pressures exerted on the 
interfaces, 


28 2 
Dy = Pir ee and pe = ps3 + = 
2 


1 1 
Pi — Po = 28(;, — a 


® A. J. Scarlett, W. L. Morgan and J. H. Hilderbrand: Emulsification by Solid 
Powders. Jnl. Phys. Chem. (1927) 31, 1567. 


FD 


;ARDESCU - RY 


——, 


es hives eaquation 2 for 3 m1 and re 


Se 


PSs 
p= =, (60s 6 — cos 0) 


on ae es prieinat dry Face In other words, S; is Genter than 
Si’. Siz and S2 are respectively equal! to Si! and S,’. We can 
the srefore write: 


Beri ee eet Sis HS se Sie Sak Se — 
at ; (ee tee, * a 1 : 
cos 6 — cos 6 S ee Sh =| 


Substituting i in equation 3 
*~ - : = *s, —_ Sy) : 4 [4] 


The resistance p opposed by the bubble is proportionate to the variation 

of the solid-surface tension and inversely proportionate to the radius of 

; the capillary tube. The equation is independent of Se, the liquid-surface 

tension, and has only a theoretical significance, because no satisfactory 

method has yet been developed by which the surface tension of a solid 

can be measured. Equation 3 can readily be computed when the values 

of @ and 6’ are known. Assuming that we had a way of calculating the 

variation of the solid surface tension, we could easily compute therefrom 

the value of p or “f” which is maximum for a maximum difference 

between @ and 0’. 

It should be noted that the equations are independent of the length 

of the bubble. The resistance is caused by a boundary condition along 
_the line of contact of the three phases. 


AppaARATUS UsEep IN EXPERIMENTS 


oe os 6 represents a diagrammatic sketch of the apparatus shown in 
“Fig. 5 
: The apparatus consists of a fine capillary tube «yz provided with 
¥ two enlargements j and m. The radius of the capillary tube is 0.011 
em. Enlargement j serves to receive the gas bubble subjected to dis- 
tortion. Enlargement m connects the capillary tube with pressure 
reservoir 1. The difference in pressure on the two ends of the gas bubble 
is recorded by the difference in level of the liquid in reservoirs 1 and 2. 
Burettes 4 and 5 are used for obtaining the gas bubble which is forced 


10. Edser: Op. cit., 292. 
uJ, W. McBain, Stanford University, says that it is possible for Sz to be also 
affected by an increased adsorption or by the packing of impurities along the contact 


line of the interface. 


356 BEHAVIOR OF GAS BUBBLES IN CAPILLARY SPACES 


Fig. 5.—APPARATUS FOR MEASURING RESISTANCE OF GAS BUBBLES FORCED THROUGH 
CAPILLARY OPENINGS. 


4 5 6 7 
Fia. 6.—DIAGRAMMATIC SKETCH OF APPARATUS. 
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ary yz. Burette 7 transmits the pressure from the leveling 
through the intermediate burette 6. It was necessary to. 
the two burettes 6 and 7,"which do not communicate except through 
per part, because burette 7 is contaminated by the rubber tubing 
ecting it with reservoir 3. 
Before it is used, the whole apparatus is thoroughly cleaned, including 
the stopcocks. The liquid to be used is then introduced through reser- 
voir 1. Stopcocks u, 0, p and k are closed. The liquid fills enlargement 
-m. Part flows into burette 4 through capillary yz and part fills up 
enlargement j and rises to reservoir 2. As soon as the liquid has reached 
reservoir 2, stopcock k is opened and both reservoirs are filled. Stop- 
~ cock u is opened and all burettes are filled to the top. When all the 
air has been eliminated, stopcock s is closed and tube s is connected 
to a tank containing the gas used in the experiment. The gas is intro- 
duced through s, displacing part of the liquid. Burette 7 is connected to 
reservoir 3, both being filled with water and care being taken not to 
let any of the enclosed gas become contaminated. To catch a bubble, 
the stopcocks t, r, o and wu are kept closed and all the others are opened. 
By raising reservoir 3, the pressure in 6 forces the water level f down, 
e up and c down. When ¢ reaches the level d, gas begins to enter the 
capillary tube at z. By proper adjustment of reservoir 3 a suitable 
bubble length is obtained in the capillary tube. When stopcock o is 
opened, the water level d will rise and catch the bubble without changing 
a the pressure of the system because stopcock p is kept open and the 
- _ volumes of both liquid and gas remain unchanged. This is very impor- 
tant because the slightest variation in pressure will force the bubble 
out of the capillary tube. The tube yz serves to measure the bubble, 
its radius (0.011 cm.) being known. Stopcock n is closed and the bubble 
is forced into m and then into j. Stopcocks n and k are both left open 
and u, o and p are closed. The two micrometers are adjusted to read 
the level of the liquid in 1 and 2; k is closed, u is opened and the pressure 
in reservoir 1 is increased by lifting reservoir 3. Before any pressure 
-is applied the bubble in j has a shape approaching a sphere. As the 
pressure is increased the bubble advances toward the capillary tube. 
The maximum pressure is reached when the upper end of the bubble 
has just penetrated into the smallest capillary space. The pressure 
is recorded by the difference between the readings of the two micrometers. 
One determination consumes 4 to 5 hr. Getting the bubble into the 
capillary tube yz is the most difficult part of the operation. 


EXPERIMENT 1 


A bubble of methyl alcohol was introduced in capillary tube yz. 
All stopcocks were closed excepting 0 and u. The micrometers were 


dea ahiee are Hee to 0. 0001 i 

can be read to 0.1 mm. and the first ee 
taken at 5-min. intervals. The readings of 
age of the bubble during the experiment are given in 


TABLE 1 


‘ Pasitionton Bubble aMsoremcter Miccomater “betreen 
Bs 460-460 506.1 647.8 141.8 0.0 
460-470 507.5 549.0 141.4 0.4 
a" 470-500 508.0 549.0 141.0 0.8 
mrs, ve 555-595 SLED Go2-o 140.0 A irs 
= ‘595-650 513.5 653.2 139.7 af 
‘ g 650-715 [oe dapalize 60) 656.5 139.5 Pe 
5! ; 715-780 520.0 659.5 139.5 2.3 


2 Thousandths of an inch of alcohol. 


Methyl alcohol wets the glass. The glass tube was thorough 
cleaned and did not come in contact with air or any other contaminating . 
| medium. The angle of contact of alcohol and glass would be zero at 

both extremities of the bubble. According to theory there would be 
no resistance due to the Jamin 
action, since there is no variation © 
in the angle of wetting. “ 

Fig. 7 shows the relationship — 
between the pressures applied at 
the two extremities of the alcohol 
bubble confined to the capillary 
tube and the velocity of displace- 

0 5 1.0 1.5 2.0 ment of the bubble. The author 

pn 1 etn Trt an elves hat much smaller prs 

SURES APPLIED AT HXTREMITINS OF ALconot SUres than 0.0004 in. of alcohol 

BUBBLE CONFINED IN CAPILLARY TUBE AND could maintain the gas bubble in 

VELOCITY OF DISPLACEMENT OF BUBBLE. . G . 

motion in a clean capillary tube 

of uniform size. The same bubble when forced through the capillary 
opening 7 required a differential pressure of 1.36 in. of alcohol. 

The experiments seem to justify the statement that there is no Jamin 
effect when perfect wetting exists between the liquid and the solid. 
Similar results have been obtained by other investigators. J. Plateau, ?? 


oe 2) a oe 


> 


thousands of an inch of alcohol 


Differential preesure in 


2 J. Plateau: Statique des Liquides Soumis aux Seules Forces Moléculaires. 2. 
80-82 (1873). 


sy, = 


ded in the case of water bubbles and glass tubes is onl; due ye 


a 


sium hydroxide, which was allowed to stay in the tube for 24 hr., 
sistance opposed by the water bubbles was very small. After 5 
4 a greater resistance was recorded, and after the tube was exposed 
to the atmosphere for 15 min. before introducing the bubbles, the value 


and shown that the resistance increases with the degree of contamination. 
, aS The magnitude of the angle of wetting is independent of the orienta- 
tion of the solid surface. If the orientation of the solid surface changes, 
é the surface of the liquid in the vicinity of the solid changes with it but 
a _ the angle of contact will remain the same. If the angle is zero it will 
remain zero. 

-__ Experiments indicated that oil wets an uncontaminated glass or 
quartz surface and produces an angle of contact equal to zero; therefore 
in an oil sand there will be no phenomenon of hysteresis of the angle of 
contact and no Jamin effect. The phenomenon cannot be checked by 
direct measurements because it cannot be dissociated from the resistance 
caused by distortion of the gas bubbles when forced through the irregular 
openings of the sand pores. Furthermore, the magnitude of the resist- 
ance offered by gas bubbles is so much greater than any possible -resist- 
ance caused by the Jamin effect that the presence of the latter would 
be unnoticeable. 


Distortion oF Gas BussLes WHEN ForcED THROUGH CAPILLARY 
OPENINGS 


A small gas bubble, at rest, in a liquid medium, will take a spherical 
shape because the surface of the surrounding liquid tends to contract to 
the smallest area admissible. On the surface surrounding the gas 
bubble, or the gas-liquid interface, there is a greater concentration of 

gas molecules than within the rest of the bubble. These molecules are 

attracted or adsorbed because of the free energy of the liquid surface. 

g The pressures exerted on one side and the other of the interface are 

ag not equal. The pressure is less underneath a concave surface, and the 
following relationship exists: 


28 
Pi = Pe =f T 
or the excess pressure on the inside of the bubble is equal to 
3 28 


ee 


13 W. O. Smith: Private communication. 


nation. After cleaning the glass tube with concentrated — 


of the resistance was similar to the one given by Jamin. At the Mellon 
nstitute, W. O. Smith!* has caused artificial contamination of the tubes — 


¢ 


ibe ne oe it will ig ee ee: ave sn 
the larger bubble. To prevent this and to sii 
in equilibrium, it is necessary to apply a certain ar 
against the large bubble. In the case of a spherical soap b 
are two tensions to be considered, one on the inner side of the f | 
the other on the outer side; hence the excess pressure inside the bub 


48 
due to the tension and curvature of the film, is fo To avoid ; 


unnecessary complications, let us assume that . fluid outside the 
bubble is a liquid and inside the bubble is a gas. There will be only on 7 
surface tension to be considered. If p: is the inside pressure (Fig. 8). 


Fic. 8.—SoAP BUBBLES IN EQUILIBRIUM. 


pz the outside pressure exerted upon the bubble A, and p, + p the pres- 
sure exerted upon bubble B, in order to maintain the bubbles in equilib- 
rium, the following equations must be satisfied: 


28 28 
Pur pach and py Pas eae 


Therefore 


st: 
When a gas bubble is forced through a reduced opening, the same . 
phenomenon is observed. The two spheres are replaced by the menisci __ 
A and B (Fig. 9) and the connecting tube by the capillary opening 

pm, p’m’. Thus, the problem being similar to the previous case, the s 
pressure to be applied against the large bubble will be 


ict 
p = 28\_ 2, 


The equation can be derived by expressing the variation in pressure on 
each side of the two menisci, as previously done for the soap bubbles. 
In a conical section, as the bubble A moves a small distance from m 
to n (Fig. 9) bubble B will advance a greater distance from p to q because 
the volume between the spherical surfaces mm’ and nn’ has to be equal 
to the volume between the spherical surfaces pp’ and qq’. As the bubble 


ry will decrease much more rapidly than rz, therefore, : will 
re al 


Dash cane 45, al 
rease more rapidly than = and p will be at a maximum when 7; is ata 


Lt 


ninimum, or equal to-r, the radius of the capillary opening. 


Before any pressure is applied against the surface A, the bubble 


is spherical. The effect of buoyancy on the distortion of the 
bubble is relatively small but becomes appreciable when the bubble 


is of about the same size as the capillary opening. As the pressure is 


increased against the surface A, the bubble takes a pear shape (Fig. 10b), 


the neck of which is gradually lengthened as the pressure applied against 


__ the bubble is increased. The bubble will stay in this distorted position 


for an indefinite length of time or can be brought back to its original 


shape by removing the pressure. When the curvature of the upper 


meniscus is equal to r (Fig. 10c) the whole bubble will shoot through the 
capillary tube independently of the size of the bubble. 


AA 


Pp 
a b nd 


Fia. 10.—CHANGE IN FORM OF GAS BUBBLE FORCED THROUGH REDUCED OPENING, 


Considering the equation 


p is at first zero when the bubble is spherical and 71 = r2. Asmall decrease 


of 7; corresponds to a small decrease of rs, but 7: decreases more rapidly 
“ 1 1 
than r2, therefore p must be increased as the difference between < And 7 


- becomes greater in order to maintain the bubble in a position of equi- 


ay! Tilo rer "1 ch assum 
will continue to a dlentenes and co 


times de distance traveled by each liquid ba within ihe Limit 
distortion. The work can also be derived from the variation 
free energy of the interface, which is equal to the increase in free s 
of the bubble times the surface tension of the liquid. The latter m 
was used by Tickell. The computation by volume is very complic 
and the variation of the free energy of the interface is not proporti 
to the variation of p. 

By forcing a bubble into a cylindrical nella tube, the total cnarfaeee 
of the bubble will be gradually increased until the whole bubble is con-— 
fined to the capillary tube. The surface of the two menisci of the bubble 
decreases and becomes minimum when the total surface is at a maximum. 
The variation of p, as already described, is entixely different; therefore — 
thé maximum value of p cannot be calculated from the increase in the — 
surface of the distorted bubble because the two quantities vary inde- — 
; pendently of each other. 


EXPERIMENT 2 


The same apparatus described for the experiments on the Jamin 3 

action was used for the experiments on distortion of gas bubbles. », 

E A gas bubble was measured in capillary tube yz (Fig. 5) and driven — 
| into enlargement j against the vertical capillary opening. Stopcocks 
k and n were kept open and repeated readings were taken on the two 
micrometers to determine the position of equilibrium. Stopcock k 

was closed and the level a in reservoir 1 was raised by raising the leveling 

reservoir 3. Although the level in 2 changed only slightly, chiefly because 


TaBLE 2.—Szze of Gas Bubble 


Bubble No. Length, Cm. Volume, Cu. Cm. R, Cm. rz, Cm. a 
1 0.05 0.000019 0.016 0.0115 “a 
2 0.11 0.000042 0.021 0.0130 : 
3 0.27 0.000103 0.029 0.0190 
4 0.55 0.000209 0.037 0.0290 
5 0.70 0.000266 0.040 0.0323 
6 0.96 0.000365 0.044 0.0372 
7 1.70 0.000646 0.054 0.0490 
8 2.65 0.001007 0.062 0.0578 


/and water. Water proved to be unsatisfactory because the _ 
ion of the liquid surface made the readings with the microm- 
points unreliable. In the more accurate determinations methyl 
ohol was used because it is easy to handle and has a surface tension of 
proximately the same value as oil. é . 
Table 2 gives the size of the gas bubbles used. The radius of the 
erical bubble R is computed from the volume measured in the hori- 
al capillary yz. The length of the bubble in the horizontal capillary 
_is given in column 1. The computation of rz is shown further in the paper. 
Table 3 gives the observed and computed values of p calculated from 


the equation D - 2s(+ - 4 -r;. The radius of the capillary is equal 


TL T9 
to 0.011 cm. The surface tension of methyl alcohol was taken as 23. 
In the first column the differential pressure h of the two reservoirs is 
a given in inches of alcohol. The same pressure is shown in column 2 
in C.G.S. units, calculated from the equation 


p = 2.54hdq 


_ d and g being the density of methyl alcohol (0.7 92) and the acceleration 
of gravity (980). 


TaBLE 3.—Observed and Computed Values of p 


Bubble No. ee mpanrged Fears on ua gig Value 
1 0.038 15 0.0115 180 
2 Ora7 1 Tou 0.0130 640 
“2 3 0.955 1882 0.019 1540 
4 1.310 2582 0.029 2590 
5 1.362 2684 0.032 2760 
6 1.494 2945 0.037 2950 
re 1.726" 3402 P 0.049 3220 
8 1-736 3422 0.058 3390 


r Ce ee aoe Sat Rem eaDeCameEa aan gee enn Tee a aa 
a To the figures in this column should be added the differential pressure due to 
buoyancy which is about 23 for bubble 1 and increases to about 54 for bubble 8. The 
greatest error is due to the difficulty encountered in computing 72 to a required approxi- 


mation of one-thousandth centimeter. 
’ The value of the observed pressure is greater than the corresponding maximum 


value of p. The bubble was moving more rapidly through the capillary than in the 
other experiments. 


The values given in Table 3 are shown in Fig. 11. The observed 
value of bubble 7 was expected to be greater because of experimental 
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inaccuracy. The observed value of bubble 3 is considered correct. 
The discrepancy arises from the fact that the value of p has been cal- 


Observed p “* 
theoretical p__,_ 


Q 5 19000 2000 3000 


Pressure p in dynes per sqe cme 
Fig. 11.—RELATION OF re TO OBSERVED AND THEORETICAL PRESSURE. 


culated from the equation p = 2s(+ - on the assumption that p 
1 


2 
is maximum for the maximum value of rz corresponding to a minimum 
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1000 2000 3000 


Pressure p in dynes per Sqe+ Cll, . 
Fira. 12.—RELATION OF OBSERVED PRESSURE Fa, 13.—CApILLARY TUBE MAGNIFIED 
To Ro. 10 TIMEs. 


value of 7; equal to 0.011 em. It will be shown further that this assump- 
tion does not hold true for bubbles of all sizes on account of the irregularly 
shaped capillary opening. 


fe 5 PS OtONET, i GARDESCU- 


re necessary to force the bubble into the capillary tube is reached 
after the upper meniscus is above 13.8 on the scale. The exact position 
_ could not be determined but lies between 13.7 and 13.6. The value of 
a? between these two points ranges from 0.012 to 0.011 cm. Experimental 
‘data show that the point at which the maximum pressure is reached is 
_ independent of the size of the bubble; that is, does not depend upon 72. _ 
_ The magnitude of the maximum pressure of course, is, dependent upon 
_ 12 as the experiments described in the previous section indicate. 

The equation p = as(4 — A shows that p has its maximum value, 
independent of rz only when : increases more rapidly than *, for ri 


minimum. In the case of a conical section it can be proved easily that 
r, does decrease more rapidly than rz. If the conical section terminates 
in a cylindrical tube of radius r, the maximum value of p is reached 
- when 7; is equal to r. 

The portion of the enlargement j used is nearly a conical section, with 
a cylindrical tube and to a first approximation the position of the maxi- 
mum pressure is reached when 7; is equal to 7, which was observed. 
For a bubble of volume 0.493 cu. mm. it was computed that upon forcing 


the bubble into the capillary, * had the values 2.1, 7.1 and 8.3 corre- 


q 1 
__- sponding to 2.1, 2.1 and 2.3 for = This shows that e varies little in 
- 2 


comparison with - in the capillary used. This is especially true of 
iL 


large bubbles and very small bubbles. However, when rz is small it is 
possible to have r, decrease more rapidly than r; and in that case the 


maximum of C — 1) will not take place when | is maximum but when 
Ty T2 1 


the whole parenthesis becomes maximum. The size of bubble No. 3, 
as already mentioned, probably corresponds to one of these criti- 
cal conditions. 

In Fig. 12 the observed values of » maximum have been plotted 
against R, the radius of the original spherical bubble. A is easily cal- 
culated from the volume of the cylindrical bubble measured in the 
capillary tube yz. FR is only slightly larger than rz for large bubbles, 
especially when r, the capillary opening, is small. For small bubbles 
R is much larger than rz and cannot be used in the computations shown 
in Fig. 11. For this reason the values of p computed against R, Fig. 12, 
will differ from the theoretical curve shown in Fig. 11. The curve shows 
a general relationship between the size of the bubble and the correspond- 


ing values of p. 


? 
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Fig. 14 illustrates the method by which 
gram shows a number of six bubbles of » 


Fria. 14.—LonGirupINAL SECTION THROUGH CAPILLARY AND ENLARGEMENT, | 


fe at, Maal 


upper meniscus has reached the position marked 1. The volume of 
each distorted bubble was calculated and the value of Rk, the radius of ; 


the corresponding sphere was computed from that. The computations 4 
are given in Table 4. : ae 


- 
= 
é 


Volume of ivokime of Total 
Sphere Cone Volume 
: 0.11 2,787 A Ro Fervlnoy L108 
0.95 0.122 3,859 40,162 46,808 | 0. 223, 
0.50 0.156 0.175 14,643 35,008 92,600 | 0. 281 
0.35] 0.195 | 0.280 80,060 57,920 215,937 | 0.372 
0.22) 0.242 ; 0.390 251,991 78,261 466,129 0.481 
0.18} 0.250 | 0.500 | 1,039,050 | 110,664 | 1,363,852 ees 0.688 — 


@ Given in millimeters. Volumes:are 10-§ mm.?, 


Fig. 15 shows the values of R plotted against rz. 


R, in mm. 


‘ t, in mm, 


Fig. 15.—ReE LATION oF Rp TO fo. 


The shape of the capillary shown in Fig. 14 was obtained by meas- 
uring the distorted image of the capillary enlargement and by adjusting it 


according to volumetric méasurements of the inner chamber. 


CONCLUSIONS 


The Jamin action is the resistance offered by detached gas and 
liquid bubbles confined to capillary tubes by a boundary condition which 
develops whenever the liquid does not wet the solid walls of the capillary. 
The resistance opposed by the bubble is proportionate to the variation 
of the solid-surface-tension at the two extremities of each individual 
liquid bubble and is inversely proportionate to the radius of the capillary 
tube. For oil and sand the Jamin effect is zero or very small. The 


“Ly 
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resistance p offered by a gas bubble v 
is given by the equation: 


in which § is the surface tension, r; the interporous openin 
which the bubble is forced, and rz the maximum curvature of 
torted bubble, when the curvature at the other extremity « of the bul 
is Tile 


will require a pressure of from zero to 4000 dyane: eee on 


its size. 
The magnitude of réatsemnee offered by gas bubbles forced throaaha 
: small openings so far exceeds any possible resistance caused by the J. amin 
F: effect that the latter phenomenon need scarcely be considered in dealing — 
: with the movement of oil and gas through their natural reservoir rocks. _ 


DISCUSSION 


§. C. Heroutp,* Los Angeles, Calif.—Mr. Gardescu’s introduction to his paper 
contains a regrettable feature. His restriction of the term Jamin action to ‘‘a bound- 
ary effect caused by the hysteresis of the angle of contact of the liquid-gas interface _ 
with the solid surface,” thus excluding from the term the effects to which he has 
given particular study and of which the results constitute the main thesis of his paper— 
“the resistance offered by gas bubbles forced through small openings’ —is unwar- - — 
ranted, unjust and misleading. Both features constitute Jamin action. Jamin 
himself studied both, and commented at length upon the greater intensity of one of — 
them. The fact that Poynting and Thomson fail to mention the more intense feature 
in their necessarily concise textbook has no significance. It is proper that we refer 
instead to Jamin’s memoir.!4 

In view of the fact that there are the two distinguishable features, Mr. Gardescu’s 
desire to differentiate them is comprehensible. To be strictly ethical in his ter- 
minology he might have made the distinction between, say, Jamin action major 
and Jamin action minor. In this there would be clarity and at the same time full 
justice to others who have heretofore filed in the archives of physical science a literature 
which includes the subject of Jamin action. Mr. Gardescu can not ask these authors __ ; 
to agree to his restriction—the principal one is not here to defend his priority right,  __ 
having long since passed from our ranks. ’ 

If Mr. Gardescu will generously comply with our urge to modify his statement, 
he will agree that his last paragraph shall read as follows: 

“The magnitude of resistance by gas bubbles forced through small openings — 
(Jamin action major) so far exceeds any possible resistance caused by the boundary 
effect due to the hysteresis of the angle of contact of the liquid-gas interface with the 
solid surface (Jamin action minor), that the latter phenomenon need scarcely be 


considered in dealing with the movement of oil and gas through their natural reser- 
-voir rocks,”’ 


~ 


2 


* Petroleum Geologist. 


“J, Jamin: Memoire sur 1’équilibre et le mouvement des liquides dans les corps 
poreux. Compt. rend. (1860) 50, 172, 311, 385. 


_ With a like restatement of the case in the middle of page 359, we have, I believe, 
_thetruthathand. Jamin action minor is of slight intensity. Owners of wells produc- 
ing in capillary control can be thankful that it is so. If Jamin action in natural 
_ reservoirs were confined to the major effect, these wells would not be able to produce 
_ 1 per cent. of the amount of oil and gas which they are now able to do. Laboratory 
_ experiments show this to be the case. We observe that slight. effects can be of 
economic importance. They can not be neglected because they are slight. 
_ As for the main portion of Mr. Gardescu’s paper, we need only say that it is 
excellent. It is an elucidating summation of our knowledge of film phenomena, to 
_ which he contributes not a little. His apparatus is unique and it appears to be capable 
of precise manipulation. 
E - I would ask Mr. Gardescu if he can conveniently perform a time experiment with 
_ hisapparatus. Place a bubble in the enlargement J, Fig. 6, apply a pressure sufficiently 
intense to distort it, say to cause it to take the position shown in 6, Fig. 10, close all 
stopcocks, and allow the apparatus to stand some weeks to see if there is any indica- 
tion of the migration of gas molecules through the overlying liquid. It has been 
claimed that gas molecules will enter the meniscus under stress, pass along the liquid 
and escape from an opposite meniscus such as a b, Fig. 6, provided sufficient time is 
allowed. This migration, if it takes place, would obviously establish an equilibrium 
between the two meniscuses, permitting the bubble to retract in j and take on a 
shape more nearly spherical. 


H. A. Witson,* Houston, Texas (written discussion).—Mr. Gardescu’s conclusion 
that the Jamin effect is unimportant in the case of oil flowing through sand depends 
upon his definition of what is meant by the Jamin effect. Ishould have thought that 
the resistance to the motion of the gas bubbles through the pores in the sand, which 
_ he finds is large, was a large Jamin effect. I do not think it is customary to regard 
the Jamin effect as being only the effect in tubes of uniform diameter. Jamin experi- 
mented with uniform and nonuniform tubes. In the case of uniform tubes, which 
of course are never found in sand, the effect must be much smaller than in nonuniform 
tubes. When the liquid wets the surface in a uniform tube we should expect an 
effect about proportional to the velocity, as Mr. Gardescu finds. His results show 
that a single bubble in a uniform tube 0.011 cm. radius gives a pressure of 0.002 in. 
alcohol when moving 2 mm. per minute. If the velocity was 2 mm. per second the 
pressure would be 0.12 in., which represents a large Jamin effect; 0.12 in. per bubble 
would give very large pressures in sand. 


L. I. Garpuscu.—To those who have used the term ‘“‘Jamin action” in referring 
to both phenomena, restricting the term might be confusing and, as Mr. Herold says, 
might seem unjust. May I call attention to the fact that not very long ago Mr. 
Wilson in his chapter on the Jamin effect!® discusses only the second phenomenon, 
while Professor Tickell!” discusses only the first phenomenon of the same Jamin action, 
thus creating a very confusing conception of what the Jamin action really means. 

I agree with Mr. Herold on the interpretation of the last paragraph of the paper. 
To make the statement more general, it may read as follows: 

The magnitude of resistance of gas bubbles subjected to mechanical distortion 
when forced through small openings so far exceeds any possible resistance caused by 
the distortion of the meniscus due to the hysteresis of the angle of contact of the oil- 
gas interface with the sand grain surface that the latter phenomenon need scarcely 
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* Department of Physics, Rice Institute. 

16 H. A. Wilson: Chapter in Function of Natural Gas in Production of Oil, by H. 
C. Miller. New York, 1929. Amer. Petr. Inst. 

17F, G. Tickell: Op. cit. — 
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cal distortion of ihe hanes. tal 
#5 The computation given by Mr. Wilson does not take into ace 


: due to viscous flow of the liquid column. My contention is that I could not. ol 
static resistance such as gion a: in the second phenomenon. | yy 


ae aonea one capillary tube it seems . me that there Ba will Be some int 3 
things brought out when the film of oil used on the interior of these tubes is of - 
viscosity and varied gravity. It is of particular interest to me t¢ to see what the 
of movement is under varying conditions. 


I. I. GarpEescu.—In a condition of motion, I believe that the ~theokiey roubine 
an important factor. In the present study of static equilibrium, the viscosity need 
not be taken into account. 


* Director, School of Petroleum Engineering, University of Oklahoma. 
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Chapter IX. Cementing Wells 


Cementing Problem on the Gulf Coast 


By H. D. Wipe, Jr.,* Houston, Trxas 


(New York Meeting, February, 1930) 


Ar the Sugarland and Raccoon Bend fields in the Gulf Coast area, 


; A all wells are drilled with rotary tools and the casing is always set in 


cement that is placed by the circulation method. After the cement is 
set, the rotary mud that fills the hole is not withdrawn or bailed out; 


“ consequently, it is not customary to give the cementing job a direct 


test either by putting pressure on the hole to see whether the cement 
will hold or by observing whether an effective water shut-off is secured. 
About three years ago, this company started the practice of coring the 
cement left in the bottom of the casing and examining the core thus 
secured. If the core was hard and strong, the cementing job was judged 


-a success but if the core was incoherent, soft, and crumbly, the job was 
‘considered a failure. Of course, there were intermediate types of cores 
and it was not always a simple matter from this examination to decide 


whether the job was a success or failure. After about two years, a 
summary of the core examinations that had been made indicated that of 
cementing jobs made at depths of 1000 ft. or less, 60 per cent. were fail- 
ures; of those between 1000 and 2000 ft., 80 per cent. were failures, and 
of those between 3000 to 6200 ft., 100 per cent. were failures. This 
startling table emphasized the need of the study of the conditions under 
which the wells were cemented and of adopting means to reduce the 
percentage of failures. 

In addition to these core tests, two wells gave direct evidence that the 
cementing jobs were not always successful. In one, a four-year-old well 
at Goose Creek, the casing was perforated, and when fluid was circulated 
some of the old cement was brought to the surface. Most of it was 
powdery and the few chunks that were brought up were soft and crumbly. 
The other was a well at Raccoon Bend which during a blow-out brought 
a number of chalky, soft and crumbly pieces of cement to the surface. 


SugGEsTED EXPLANATIONS OF CEMENTING FAILURES 
Efforts were made at once to explain the causes of these cementing 
failures. As all of the cements used were of a high grade and gave 
-* Director of Production Research, Development Department, Humble Oil 
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bottom of the hole, which might prevent the cement from setts men 
However, work at the laboratory of one of the cement manufactur 
showed that as the temperature increased the cement set more rapidl 
and that with temperatures up to 165° F., the strength of the cement 
after two days increased markedly as the tehpurabare increased. Pres-— 
sures of 2100 Ib. had little effect upon the setting time or final strength 
of the cement. A few supplementary tests were made in the company ~ 
laboratories in which cement was placed in a bomb or strong container — 
and then mud pumped in to give a pressure of 2200 lb. per sq. in. 
and the temperature held at 125° F. The specimens set under heat and _ 
pressure were much stronger than similar specimens set under atmos- 
pheric pressure at 72°. As in the majority of wells, the temperatures 
do not greatly exceed 130° or 135°, it appeared that. the trouble was not 
due-to the pressure and temperature existing at the bottom of the well. 

The soft, chalky and crumbly specimens of cement that had been in 
place for some time in the wells at Goose Creek and Raccoon Bend were 
analyzed and found to contain a large percentage of carbon dioxide, 
indicating that the cement compounds had been converted to carbonates, 
which were much softer and had much less strength than the original 
cement material. This fact led to the theory of carbonation. It was 
believed that carbon dioxide contained in the gas from the formation 
reacted with the cement as it was setting and that the resulting carbon- 
ates were responsible for the failure of the cement. To test thistheory, 
several samples of the cement were placed in a bomb, the bomb was filled 
with carbon dioxide gas from a cylinder, and then drilling mud which 
had previously been saturated with carbon dioxide was pumped in to 
give a pressure of about 2200 lb. The resulting specimens were firm 
and strong and seemed not to have suffered at all from the carbon 
dioxide. On analysis, these specimens showed the presence of only 
small amounts of carbonates. As the concentration of the carbon 
dioxide in these experiments was many times as great as could exist 
at the bottom of the well and yet did not injure the cement in any way, it 
became apparent that the case of the poor cores that were removed 
a few days after the cement had set were not due to conversion to carbon- 
ates. This did not prove, however, that the soft cores that had been in 
place in the wells at Goose Creek and Raccoon Bend had not been 
altered in their composition by the reaction of carbon dioxide, for these 
had been in contact with carbon dioxide for a long period. 

As most of the laboratory specimens had been prepared with city 
tap water instead of the field waters actually used in the field operations, 
it was thought that the failures might have been due to the presence of 
salts in the field waters, which interfered with the setting of the cement. 
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waters gave sound results. The failures, therefore, could not be attrib- 
_uted to the composition of the water used in making the cement slurries. 


Thus, one by one, the explanations that occurred to those working 


with the problem were shown to have little effect upon the success or 


failure of the cementing. The problem was then attacked with renewed 
vigor and studied from three angles: (1) a laboratory study of the effect 
of the use of excess water and mud contamination on the setting of 
cement, (2) a petrographic study of the cement cores taken from the wells 


and of specimens prepared in the laboratory under controlled conditions, 
and (3) the observation of cementing operations in the field with the view 


of detecting the causes of trouble in the light of the findings of the two | 
studies and of correcting them. These three phases were closely inter- 
related and all contributed to the same final conclusion. | 


LABORATORY STUDY 


The laboratory study was started by making chemical analyses of 
cement pats prepared in the laboratory, muds and cement cores from the 
field. Muds from Raccoon Bend and from West Texas both showed 
about 20 per cent. loss on ignition, 55 per cent. silica and 15 per cent. 
lime. They differed only in their content of aluminum oxide and ferric 
oxide, the Raccoon Bend mud containing about 4 per cent. and the 
West Texas about 12 per cent. A laboratory pat containing only cement 
and water showed 25 per cent. loss on ignition, 16 per cent. silica, and 
54 per cent. lime. A sample of cement mix that was actually used in the 
field for cementing a well was set above ground in contact with mud and 
on analysis was found to be almost identical in composition with the 
pat prepared in the laboratory. The principal difference between the 
composition of the muds and the cements was in the silica and lime con- 
tents, the cement containing much less silica and much more lime. 
Three cement cores taken from wells were analyzed; their silica and lime 
contents were found to be intermediate between those of the pure cements 
and the mud. A good core had a low silica and high lime content, 
approaching that of pure cement, whereas a poor core had a high silica 
and low lime content similar to mud. A moderately poor core had 
silica and lime contents intermediate between these two. These findings 
pointed to the fact that the well cores were contaminated with mud 
and that in general the poorer the core, the more mud it contained. 

As it was known that there was a tendency in the field to make the 
cement mix as thin as possible to insure its easy pumping into the well, 
some laboratory work was undertaken to study the effect of excess water 
as well as mud contamination on the strength of the cement. A series 
of samples -was prepared with varying amounts of water. A definite 


tightly stoppered and set aside aadiduetd for 72 la ens the stants r 
mixes, the cement settled to the bottom of the bottle, leaving a layet 
clear water on top. The amount of clear water was measured, then - 
bottle was broken and the strength of the cement pat was tested. : ; 

Mixes containing less than 65 parts by weight of water per 100 parts — 
of dry cement did not form a clear water layer. It is not believed that — 
all of the water reacted chemically to hydrate the cement, as only about. : 
30 to 35 parts of water are usually required, but that the excess of water 
remained in the pore spaces formed by the cement crystals. As the — 
amount of water in the mix increased beyond 65 parts, the amount of © 
water in the water layer also increased, but not proportionally, which — 
indicated that the amount enclosed in the cement pores per part of dry 
cement increased as the excess of water increased. The solid cement that 
settled to the bottom formed a strong substantial specimen. The actual 
tensile strength was not determined, but inspection showed that the 
specimens were strong. There was a tendency for the mixtures that had 
contained the greater amount of water to form weaker specimens. 
When a large excess of water had been used, a graduation in the cement 
that settled to the bottom was noticeable and the lower portions appeared 
stronger and the upper portions weaker. 

A number of mixes were prepared with excess water and instead 
of being allowed to remain undisturbed were agitated while the cement 
was setting. Some were agitated by turning the bottle end for end every 
10 minutes during the setting period and the remainder were agitated by 
bubbling a small stream of air through the mixture. This agitation 
prevented the cement from settling and the entire amount of excess 
water was enclosed in the cement specimen. The specimens were allowed 
to stand undisturbed for three or four days. When examined, they were © 
all very damp, soft and porous, with a number of tiny water pockets. 
After these specimens had dried for several days, they were still soft and 
crumbly. These experiments showed that excess water is not seriously 
objectionable provided nothing is done to the mixture to prevent the 
settling of the cement particles and the formation of a clear water layer on 
top. If this settling is interfered with, by agitation with formation gas or 
by other means, a poor cement core will result. 

The effect of lack of uniformity of the water content of the cement 
mix was illustrated by filling a glass tube of 1 in. dia. with alternate layers 
of thick and thin mixtures. Several days later, when the tube was 
examined, it contained alternate portions of strong and weak cement. 
Apparently, there was insufficient time for the entire cement portion to 
settle. The more concentrated portions set more rapidly than the less 
concentrated and after they had set the settling was confined to the zones 
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between the solidified portions, which caused the alternately strong and 
weak layers. 


CONTAMINATION WiTtH DritLtinc Mup 


Some laboratory work was undertaken to study the effect of con- 
tamination with the drilling mud upon the strength of the cement. In 
most of these experiments, the mud was from Raccoon Bend and repre- 
sented a Gulf Coast drilling mud, but in some cases mud from West 


- Texas was used. The results were not materially affected by the type 


of mud used. Series of mixes were made using varying amounts of water 
and to these mixes various amounts of mud were added. The mixtures 
were allowed to set for 72 hr. in stoppered 4-0z. sample bottles. 

When the mixture contained less than about 65 parts of water per 
100 parts of dry cement, no clear water gathered on top. The addition 
of the mud weakened the specimens; the greater the amount of mud, the 
weaker the specimens. With mixes that had been prepared with more 

_ than 65 parts of water per 100 of cement, a clear water layer gathered on 
top but the amount of water was less than it would have been if no mud 
had been added, and an increase in the amount of mud decreased the 
amount of water that gathered. The effect of the mud on the specimen 
was very much the same as though the mixture had been agitated to 
prevent settling. é 

Small amounts of mud were effective in preventing the settling of the 
cement. With a mixture containing 120 parts of water per 100 of cement 
the presence of as little as 1 per cent. mud decreased the amount of water 
gathered on top from 18 to 8 c.c. With a mixture containing 100 parts 
of water per 100 parts of cement, the water layer was reduced from 16 to 
10c.c. As the amount of mud was increased, the size of the water layer 
decreased and by adding enough mud, the water layer could be reduced 
to almost nothing. The addition of 10 per cent. mud was usually 
enough to reduce the water layer to a small fraction of the original value. 

Specimens containing excess water and little mud looked very much 
like specimens with the corresponding amount of water that had been 
agitated to prevent the cement from settling . As the mud content 
increased, the specimens became correspondingly weaker. Pats con- 
taining equal quantities of water and cement to which 10 per cent. of 
mud had been added were soft and crumbly when dry and were easily 
crushed between the fingers, and resembled some-of the poorest cores 
from the wells. Many of the laboratory specimens that contained less 
excess water and to which less mud had been added resembled some of the 
cores of the wells that were rated as poor cores. 

In mixes containing a large excess of water to which mud had been 
added, there was a gradation in quality from the bottom to the top of the 
specimen, the bottom being stronger and the top weaker. There were 


and worthless. 
PrerrRoGRAPHIC STUDY 


In the petrographic study of this problem, 55 specimens of cement 


were examined. Of these, 9 were prepared in the laboratory as experi- 


mental controls and 46 were cores taken from wells at depths ranging 


from 100 to 3500 ft. and varying in appearance from excellent looking ~ 
cores to crumbly incoherent failures. There seemed to be no correlation — 
between the failures and the depth from which they were taken, assome 
of the best cores came from the deepest wells, whereas some of the cement 


used for surface casing produced very poor cores. Each sample was 


examined by inspection as to apparent success or failure of the cementing ~ ’ 


job, hardness, brittleness, type of fracture and porosity. Thin sections 
were prepared and examined under the microscope. They were examined 
for degree of hydration, amount and kind of foreign matter, evidence of 
formation of carbonates, and type of fabric. It might be well to define 
what is meant by “fabric.”’ This term is used to signify the relation 
between the crystalline and amorphous material, the size of the Hebe 
and the amount of interlocking of the crystals. 

There was a good correlation between the appearance of the cores on 
inspection and the appearance under the microscope. A laboratory 
specimen of 33 parts of water per 100 of cement which, of course, looked 
excellent on inspection, had an excellent fabric, moderate amount of 
hydration, no foreign material and although it showed a slight conversion 
to carbonate, this was limited to one border of the specimen. Sets 
containing increased amounts of water showed poorer fabrics and a 
greater degree of hydration. Sets to which mud had been added indi- 
cated poor fabrics and the presence of the mud could be detected easily. 
Where mud was added to thick mixtures, the mud was present in islands 
but where it was added to thin mixtures it was evenly distributed 
throughout the mixture. The mud could be identified by the presence 
of grains of pyrite, quartz and feldspar. 

In all soft, crumbly well cores, the fabric and degree of hydration 
resembled that which was characteristic of the laboratory samples to 
which mud had been added. These cores showed the presence of much 
foreign material such as quartz, feldspar and pyrite, and in some fossils 
could be identified. As it is impossible for a commercial cement to 
contain such materials and as the drilling mud does contain them, this 
proved that these cores had been badly contaminated with drilling 
mud. ‘The type of fabric and the degree of hydration indicated that a 
large amount of water had been used in the cement mix, although in this 
case the evidence was not so decisive. The good cores showed the pres- 
ence of foreign material but the amount was small and the mud instead 
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of being evenly distributed seemed to be more in the form of islands. 
_ It appeared also that less excess water had been used. 


The cases cited are the extremes of very good and very poor cores. 


The cores of intermediate quality indicated that the excess of water and. 


the extent of contamination was between these two extremes. Very 
few of the cores, either good or bad, indicated that carbonation had taken 
place to any material extent. 


CoNCLUSIONS FROM LABORATORY AND PETROGRAPHIC STuDY 


The laboratory work and the petrographic study both led to the 
same conclusions; namely, that the poor cores had resulted from the use 
of too much water in making the cement mixture and the subsequent 
contamination of this mixture with mud and not from the conversion 
of the cement or parts of it to carbonates. The laboratory work led 
further to the conclusions that the use of excess water is not in itself 
seriously objectionable provided nothing prevents the settling of the 
cement particles to form a compact mass at the bottom. Agitation with 
formation gas or contamination with mud will interfere with the settling. 


~ Where the amount of excess water used is small, even relatively large 


amounts of mud do not seriously weaken the cement, but with a large 
excess of water, small amounts of contaminating mud will produce a 
poorcore. Asit is impossible to eliminate mud contamination altogether, 
the amount of water used should be reduced to a minimum. In any 
case where the cement has settled, the sounder portions will be toward 
the bottom so that it is possible to get a satisfactory core from the bottom 
and an unsatisfactory one from the top; therefore the cores for inspection 
should always be taken as near the bottom of the hole as possible. 


FimLtp OBSERVATIONS 


Having arrived at these conclusions from work in the chemical and 
petrographic laboratories, observations were made in the field to see 
whether these conclusions were substantiated by field practice and if so, 
to suggest a remedy. 

All cementing for this company in the Gulf Coast area is done under 
contract, the contractor using the circulation method. The contractor 
furnishes the equipment for mixing the water and the cement and pump- 
ing it into the well as well as the man and helper to supervise the job 


and operate the machinery. The company furnishes the cement, the 


water and the additional labor necessary. As the contractors were 
specialists in this field and had considerable experience, their work previ- 
ously had not been observed by this company in a critical light. 

One of the first points studied was the use of excess water. It was 
found that the amount of water used was not measured, the operator 
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using as much water as he thought necessary to give the mixture the 


proper consistency for pumping into the well. As speed is essential and | 
as a thin mixture is easier to handle and can be pumped more rapidly, — 
-the tendency was to use too much water. It was difficult to measure © 
directly the amount of water used, for although the tanks from which the ‘- 


water was taken could be gaged, a large amount of water was used in 
flushing out the pumps, washing the machinery, and for purposes other 
than mixing with the cement. 


The amount of water used was estimated by measuring the density _ 


of the cement slurry. By taking these density measurements at frequent 
intervals, it was found that the water content of the mixture was not 
uniform. If the cement hung up in the hopper or if the operator at 
any time did not have a bag of cement on hand ready to dump into the 
hopper, the water continued to enter the mixing vat although there was 
no cement to mix withit. As the capacity of the vat was small, any in- 
terruption in the cement supply meant that a very thin mixture was 
pumped into the well. The nonuniformity of the mixture was remedied 
considerably by providing two platforms on which the cement bags could 
be opened and two men to open the cement bags, thus insuring a steady 
supply of cement, and by impressing upon the operators the objections to 
nonuniformity. Positive displacement water meters were provided to 
measure the water actually mixed with the cement so that the water- 
cement ratio could be definitely determined. 

It was found that in some cases the mud had not been circulated 
long enough to be sure that all accumulations of heavy mud had been 
removed from the bottom of the hole. Such accumulations of mud would 
have a tendency to contaminate the cement. Furthermore, the second 
plug between the cement and the mud was frequently omitted in order 
to save time. The trouble from mud contamination was minimized 
by having the mud circulated for a long period and insisting upon the 
use of the second plug. A special manifold for introducing the plugs 
into the casing without making or breaking any threaded joints was 
provided. This made the introduction of the plugs more rapid and con- 
venient and reduced the time for cementing well considerably. 

Observation revealed the fact that occasionally the cement operator 
allowed the pump to take suction faster than the cement slurry was 
prepared in the mixing vat and that the pump would draw in air and 
force it into the well. This was obviously objectionable because the 
air bubbles which were distributed through the cement would form 
voids to weaken the cement and make it less impervious. The operators 
were cautioned to keep the end of the suction pipe below the surface of the 
slurry at all times. 

It was found that the cores were not always taken from the bottom 
of the cement that was left in the hole but after the importance of securing 
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cores from the bottom was explained to the drillers, little difficulty 
was observed. 

When the work was started, accelerators were frequently used with 
the cement. It was found that the operator had considerable trouble 
in adding the accelerator uniformly to the cement mixture. As most 
- wells were not being drilled under competitive conditions and extreme 
speed was not urgent, the use of the accelerator was eliminated entirely 

and all later cementing was done without it. However, a reburned and 
reground cement having a relatively short setting time was used in all 
later work. 

RECOMMENDATIONS 


As a result of this study of cementing in the Gulf Coast, the following 
recommendations were made: (1) As thin a mud as possible should be 
circulated before cementing to soften and remove the accumulations of 
thick heavy mud; (2) plugs should always be used ahead of and behind 
the cement; (3) as little water as possible should be used with the cement 
and the water-cement mixture should be uniform; (4) sufficient cement 
should be left in the hole to prevent the mud that follows the cement from 
approaching too near the casing seat; (5) cores for examination should 
be taken near the bottom of the casing to avoid the soft, unsound cement 
layer that may be near the upper part. * 

Ever since these recommendations have been put into effect, a poor 
looking core has been infrequent. There still remains, however, the 
problem of cementing in the hot formations encountered in deep wells. 
These hot formations are very troublesome but as yet the proper way 
of handling them has not been found. 
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DISCUSSION 


B. B. Cox,* New York, N. Y.—How much cement was recommended to be left in 
the hole? 

H. H. Hitt,t New York, N. Y.—At least 30 to 40 ft., and with deeper jobs some- 
what larger quantities. 


I. I. Garpescu,{ Pittsburgh, Pa.—The permeability of the rock surrounding the 
cement affects to an appreciable extent the quality of the setting. Very unsatis- 
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factory results are obtained in attempting to cement a string of casing 
impervious clay horizon. This can be proved by performing a simple expe 
Two receivers are used, the first impervious, made of clay, the second porous, mac 
sandstone or plaster of Paris. Both receivers are submerged under water. A small 
amount of cement is poured in each one and allowed to set under water. The cement _ 
in the porous receiver will set in a shorter time and will be superior in quality to the 
cement placed in the impervious receiver. ‘yy? 4 


Memper.—Does anybody know anything about shooting the cement in? 


R. C. Parrerson,* Taft, Calif—We experimented in California on that consider- 
ably. : t 


H. H. Hirx.—Will you tell us something about cementing in the deep wells in 
California, where temperatures are as high as 200°? 


R. C. Parrerson.—The coldest water obtainable is used’ in preparing the cements, 
doing away with the quick-setting reagents they have been using and using a cement 
with slower initial set than is customary; practically going back, it is interesting to 
note, to a type of cement that was introduced in the industry in the earlier periods 
of cementing, with a low initial set. 


H. H. Hitu.—Is that an ordinary portland cement or is it a special mixture? 


R. C. Parrerson.—lIt is specially prepared. And talking about this type of 
cement to do away with the gas effect, they are using new equipment now; when 
they finish pumping in the cement, they have a back-pressure ranging from 1000 to 
1500 Ib. they will build up higher pressures as soon as they have equipment to handle 
it, and by so doing hope for more success. 


C. P. Parsons,} Duncan, Okla.—The problem in the Gulf Coast primarily was 
one of coring cement. In other words, when the double-tube core barrels were used, 
there was a tendency to grind up the cement. Consequently, every time a core was 
taken it could be crumbled in one’s hands. They are now using the old basket type 
of core barrel for coring cement in that territory; that is very important. It appears 
best at present to core cement with a single-tube core barrel, or figure it as experi- 
mental with a double-tube core barrel. 

Another important point about which a question was asked in this discussion, 
is the amount of cement to be left in the casing. There is no way in which that can 
be definitely determined, but we suggest that 10 ft. of cement be left in the casing for 
every 1000 ft. of casing, with a minimum of 25 ft. In that way the main body of 
cement is around the casing shoe. The laitance, or light fluffy cement usual on the 
top of a cement column, will be left in the casing. 

Water meters are being tried to determine their suitability for measuring exactly 
the amount of water mixed with the cement. They meter the water that is injected 
into the mixer, and consequently the cementer can take a look at his meter and 
instantly see how much water he has mixed with a certain number of sacks. The 
status of the meter at present is experimental. There is a considerable load on a 
water meter doing this kind of work in the field, therefore such a meter should be 
rugged and constantly accurate. 

Another important point is the uniformity of the mix. In the vacuum jet mixer 
the little jet nipple can be set to mix a certain minimum water-cement ratio, which 
can be as low as 3 gal. per sack, then the varying to higher ratios can be done by 
regulating the by-pass. There is a question as to just what is a practical water- 
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cement ratio. Considerable experimentation with cement has shown that the lower 


: X the water-cement ratio the higher the strength, but we should look at the low water- 
cement ratio in relation to sub-surface conditions under which it is to be placed. 


In the Gulf Coast very heavy muds are used. One well in the Hull field is circulat- 
ing while drilling with 2300 lb. pressure per square inch. That is hardly conceivable, 
but it is true; the reason is that a heaving shale was encountered and a heavy drilling 
mud is used. Consequently, if it were decided to run casing in that well and cement 
it there would be 2300 Ib. pressure to begin with in order to start the cement into 
the hole.- Proper placing of cement behind the casing under such a condition calls 
for a higher water-cement ratio than ordinarily. 

That brings up the question as to what is a practical range of water-cement ratios. 
It might be said that the maximum practical water-cement ratio would be the ratio 
at which water does not liberate freely from the neat cement, and that ratio is around 
514 to 6 gal. per sack. Consequently, if there is a tight hole neat cement with a ratio 
of 544 gal. per sack of cement would be sufficiently dense and have sufficient strength 
to accomplish its purpose, and yet be fluid enough to be placed. 

Water-cement ratios excessively above that would have a tendency to segregate 
into alternate layers of cement and free water. A minimum practical water-cement 
ratio is dependent on the workability of the mixture. ; 

So far as pumping is concerned, a water-cement ratio slightly higher than 3 gal. 
per sack can be pumped. It is too difficult to start pumping at such a low ratio 
but it can be obtained after the pump has been started at a higher ratio. About 
3.2 gallons per sack would be a practical minimum ratio. That is about 27 per cent. 
cement by weight; it makes a neat cement weighing nearly 18 lb. per gallon. 


H. C. Grorez,* Norman, Okla.—There is one thing I think should be added to 
our record. I heard it given at Ardmore, Okla. several years ago by Ed. Shell, who 
is a drilling contractor. Mr. Shell said, ‘‘In cementing the water string of casing 
in wells which were later standardized and completed by cable tools, I have found that 
the jarring action of the cable tools would loosen the last two or three joints of the 
water string of casing. This was due to the fact that the circulating mud left a ring 
of hard mud on the shale walls of the hole and upon the introduction of cement, the 
cement made contact with the hard mud rather than with the shale walls. Later 
this mud would loosen and cause the lower part of the water string of casing to swing 
loose in the hole and sometimes break loose, and in other cases cause the entrance of 
top water. In many wells drilled later, I corrected this difficulty by setting the water 
string of casing in the shell at the top of the oil sand,” 


R. GC. Parrerson.—In California, they use a dual system of meters so that if 
one meter fails after pumping is started, the second meter is left to check up with. 


C. P. Parsons.—In California they are trying meters for measuring the displace- 
ment of fluid pumped in after the cement but we are using them for measuring the 
amount of water that goes into the mix. 


R. C. Parrerson.—With regard to the placing of plugs, it has been found that at 
the time of putting in the last plug, and before it reaches the top of the cement, the 
weight of the cement going down the hole draws in large quantities of air, thus creating 
an air pocket. That was quite a serious thing to contend with. 


* Director, School of Petroleum Engineering, University of Oklahoma. 
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Chapter X. Drilling Muds — 


Drilling Mud Practice in the Ventura Avenue Field 


By F. W. Herret* anp E. W. Epson,{ Ventura, Cauir. . 


(New York Meeting, February, 1930) 


In some fields the problem of mud fluid is simple and easy of solution. 
But in the Ventura Avenue field the acquisition and disposal of good 
drilling mud is not the least of the problems that confront the operator. 
In fact, mud fluid in the Ventura Avenue field is a very important factor 
in the drilling of the wells. It is quite probable that many of the factors 
affecting mud in this field will not be found in most of the fields with 
which the reader is familiar. However, in the fields where the mud 
fluid causes no apparent problem it is probable that some of the points 
brought out in this paper could be used to economic advantage. In 
fields where caving and squeezing formations and high gas pressures are 
present, as in the Ventura Avenue field, it is believed that application 
of methods outlined will be of great assistance in drilling wells. 

On account of the sandy nature of the formation and the lack of 
suitable shale bodies in the strata drilled through in the Ventura Avenue 
field, the wells make practically no mud during drilling. It is necessary 
therefore to supply drilling mud to the wells that will carry the drill 
cuttings to the surface, and also will “wall up” the drill hole and prevent 
the sandy formations from caving. ‘ 


Mrxine AND Hanpuinac Mup Fturp 


The clay used to make the mud fluid is obtained from a shale stratum 
in the upper Pico (Pliocene) formation found about a mile on either side 
of the field. 

Since high gas pressures and caving formations were first encountered 
in the Ventura Avenue field and mud fluid was needed to combat them, 
the mixing of this mud fluid has gone through a process of evolution. 
First, the clay was mined and hauled to the derrick, where it was shoveled 
into the well and left for the churning action of the bit to mix into a mud 
in the hole. The next move was the construction of a mixer to mix 
the clay to a mud fluid which was pumped into the well. These mixing 

* Petroleum Engineer, Associated Oil Co. 


} Engineer, Associated Oil Co. 
382 


‘ 


BW. HERTEL AND E. W. EDSON 383 


plants were constructed at central points on the leases and the mud was 
distributed from them to the wells in a pipe line system. Flumes were 
constructed from the wells to the settling basins to handle the waste 
mud from the wells. After this waste mud had been rid of sand, oil and 


_ gas it was pumped back to the mixers for reconditioning. This salvage 


of used mud greatly lessened the amount of dry clay necessary to keep up 
the mud supply and also lessened the expense of constructing additional 
sumps and settling basins to hold the waste mud. 

The hauling of the mud from the mine to the mixer and the upkeep | 
on several mixers and pumps was expensive, therefore it was finally 
decided to construct a central mud-mixing plant at the source of the clay 
and pump the mixed mud from there to the drilling wells. Each of the 
two major operators in the field (Shell Oil Co. and Associated Oil Co.) 
now has its own mud-mixing plant at the source of supply.. The mud 
is mined, as before, with steam shovels, as it is too hard to mine hydrau- 
lically or with scrapers. 

These two plants are similar, varying only in detail. The best points 
of each plant will be described. One is steam driven and the other 
electrically driven. 

These plants are constructed on the side of a hill on several terraces. 
The clay is hauled a short distance in dump trucks and dumped into a 
large hopper leading down to the mud mixer. The clay runs from the 
hopper to a crusher, which crushes the mud into small clods about the 
size of a walnut. One of the plants has no crusher, so that the clay is 
crushed in the mixer, thus increasing wear and tear on the mixer and 
reducing the plant capacity. 

The mixers at one of these plants are made from old boilers. A shaft 
6 in. in diameter is used in the mixer; the part upon which the paddles 
are mounted is square, with a groove planed to receive each paddle. 
The paddles are fitted to the shaft, the two halves of the paddle being 
bolted one on each side of the shaft and then spot-welded together. The 
paddles are so constructed that the thrust set. up by one paddle is counter- 
acted by the thrust of the adjacent paddle. Stuffing boxes of special 
design are fitted to the ends of the mixer. The ends of the square shaft 
are turned down 6 in. in diameter and the shaft is supported by babbitt 
bearing. The mixers and bearings are mounted on reenforced con- 
crete piers. 

The clay is hydraulicked into the mixer with water or waste mud 
which has been pumped from catch basins to a storage tank. The mud 
from the mixer flows through settling tanks and then to the storage 
tanks by gravity. The settling tanks catch the particles of sand and 
only the best mud is run to the storage tank. 

The mud is mixed so that the mud fluid has a weight of about 81 
to 85 Ib. per cu. ft. (sp. gr. 1.30 to 1.36). This is the heaviest mud made 


384 DRILLING MUD PRACTICE IN THE VENTURA AVENUE FI 


from Ventura clay that can be handled efficiently by the pumpal old 
necessary, this mud is thinned at the well to the weight desired for opera- 
tions going on at the time. In special cases heavier mud fluid is. mixed — 


for a well that is gassing. This mud is secured by rerunning the ordinary a 


mud through the mud plant and securing mud weighing 90 lb. bee cu. 


ft. (sp. gr. 1.44). 
The pipe line system for mud fluid is routed over the various idan 


to each drilling well. A 500-bbl. mud-storage tank is placed at each . 


drilling well. Whenever it is necessary to change the mud being used in 
drilling a well, fresh mud is supplied from this tank. The tank is then 
refilled from the main mud system, the mud being pumped from the 


central plant. When the mud has become full of sand and possibly 


oil and gas, it is dumped into a flume and as to one of the set- 
tling basins. 

During the travel of the waste mud through the flumes to the settling 
basins most of the gas escapes from the mud. Any gas that remains 
in the mud will rise to the top while the sand is settling. The oil collects 
on top during this time and is either burned or drained off from time to 
time. Pumps are mounted on scows and are floated in these large 
settling basins. The discharge line and steam line are run from the bank 
of the settling basin to the scow on floats. Swings are constructed in the 
pipe line at the bank so that the scow can be moved upon the mud without 
setting up undue stresses in the lines. After most of the sand has settled 
out of the mud in the settling basin, the mud is pumped back to the 
central mud plant to be re-used. 

It has probably already become apparent that the mud goes through 
a rather definite cycle: (1) the so-called waste mud from the settling 
basin is pumped to the central mud mixing plant and thickened by adding 
fresh clay from the chute; (2) it is pumped to the well where it is used; 
(3) it is discharged from the well to the settling basin. This cycle may 
be continued until the sand content of the mud in the settling basin 
becomes so great that it is no longer serviceable. 


Dritting Mup F.iuip 


Mud fluid used in the Ventura Avenue field for drilling purposes is 
generally carried considerably heavier than in most other fields. The 
sandy stratas drilled through must be kept well mudded or the hole will 
cave. For this reason mud weighing less than 75 lb. per cu. ft. (sp. gr. 
1.20) can not be used, as it will not properly ‘wall up” these 
sandy formations, 

Revolving sand screens were used on two wells some years ago and 
because it was necessary to add water to keep the screen clean the weight 
of the mud fluid could not be kept above 70 Ib. per cu. ft. (sp. gr. 1.12) 
which caused serious caving in both holes. 
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_ Mud fluid weighing from 75 to 81 Ib. per cu. ft. (sp. gr. 1.20 to 1.30) 


Fé ne been found to be the best for drilling purposes in this field, the weight 
depending on the amount of sand in the formations through which drilling 


is progressing. Lighter mud, as explained, can not be used in Ventura 


_ Avenue field, though in other ldclds mud weighing even less than 70 lb. per 


cu. ft. might be used with good results. 

_ Mud weighing more than 81 Ib. per cu. ft. will retard speed of drilling 
and prevent cuttings from dropping out in the settling ditch. Pump 
pressures varying from 100 lb. with 8-in. drill pipe at shallow depths to 
1400 lb. with 2!4-in. drill pipe below 7000 ft. are required to circulate 
this mud. 

Because heavier mud must be used to drill the wells this mud does not 
drop all its cuttings of sand and shale particles in the settling ditches; 
consequently the mud being used contains a high percentage of sand. 
Besides causing considerable wear on the pumps sandy mud often causes 
the drill pipe to stick, and invariably when a twist-off occurs it cannot 
be pulled from the hole with the overshot, as the sand has settled around 
it. Sometimes frozen drill pipe could be loosened by circulating or spot- 
ting oil, if circulation could be secured around the “‘fish,”” but many times 
expensive washing over and cutting jobs, and in some cases even side- 
tracking jobs, were necessary. 

Since the completion of the central mud-mixing plant, which insured a 


- greater supply of new or reconditioned mud to the wells, thus allowing 


mud in the well to be changed oftener, drill pipe does not freeze so often, 
and when twist-offs occur it is often possible to pull the fish with an over- 
shot without resorting to washing over. 

With the system of allowing mud to settle in large settling basins, 
the sand settled out so slowly that considerable mud also settled to the 
bottom. This not only caused the loss of a great quantity of good mud 
but also filled up the large settling basins very quickly. As these large 
settling basins are very costly to build because of the very rugged 
topography, and places to build them are becoming scarce on the lease, 
three methods are now being tried in an effort to solve this problem. The 
first two do not contemplate the elimination of the sumps but expect 
to remove the sand from the mud before it is returned to the settling 
basins, so that this mud may be returned immediately to the mud-mixing 
plant after the oil is separated from it. This will eliminate the long 
settling period and practically the entire amount of mud can be returned 
to the mud-mixing plant for reconditioning, thus eliminating the loss of 
good mud and preventing, to a great extent, the filling of the 
settling basins. 

The first process makes use of a centrifuge of special design. This 
machine was set up at a well and it was intended to take the sand from 
the mud at this well. An 8-mesh vibrating screen was installed above 
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the centrifuge and a flume built from the screen to discharge into the . 


centrifuge. The centrifuge revolved at 600 r.p.m. The mud was 
pumped from the suction tank and discharged upon the screen, where all 
large substances were separated from the mud so that the nozzles in the 
centrifuge would not become clogged. This machine took out a large 
part of the sand and saved considerable wear on the mud pumps in the 
rig. Also, two fish were recovered from this hole with the overshot and 
fish were found loose in the hole in both instances. However, this 
machine wastes some mud. ‘Tests are still being conducted and definite 
information is not yet available as to its actual practical value. 

The second process makes use of a 40 to 60-mesh vibrating screen, 
which consists of a channel iron frame upon which a steam turbine is 
mounted to operate the vibrator. The screen is of monel metal cloth, 
mounted on bars which are attached to the vibrating mechanism, which is 
capable of vibrating the screen at 1600 vibrations per minute. The 
screen is set at an angle of 20° to 30° and the mud, as it circulates from the 
well to the suction pit, flows upon the metal cloth, which vibrates rapidly. 
This vibration forces the mud through the screen, whence it is returned to 
the suction pit and the sand particles bounce over the screen and are 
discharged from its lower end. The sand is separated from the mud so 
completely that only a very small part of the mud formerly used at a well 
is now necessary. Only about 600 bbl. of mud have been used in six 
weeks of drilling. 

Both these processes will also remove gas from mud in a satisfactory 
manner. Though these machines are now installed at individual wells, 
larger units could be made to treat waste mud just before entering the 
settling basins, so that the mud could be pumped immediately from the 
settling basins to the mixing plant before any of the mud settled to 
the bottom of the settling basins. 

The third method, in which only a small experimental plant has so 
far been in operation (large plant now under construction), contemplates 
the entire elimination of large settling basins and expects to return mud.-of 
desired weight directly to the wells for immediate use without returning 
the mud to the mixing plant for reconditioning and addition of weight. 
This plant can be used in conjunction with the two other methods 
described, and if it operates as well as it is hoped it will eliminate a vast 
amount of mud mixing. 

The last method has been an experiment with a classifier and settling 
tank or thickener. The waste mud from the wells is discharged into a 
classifier such as is used in certain mining processes. The mud is then 
diluted with water from the top of the thickening tank, until the classifier 
is able to extract practically all of the sand, and the gas allowed to escape 
from the mud. The diluted mud, free from sand, is then pumped into the 
thickening tank, where the mud settles to the bottom of the tank and 
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. the oil and water are drawn off from the top. The mud is pumped from 
_ the bottom of the settling tank weighing as high as 80 lb. per cu. ft. This 


weight can probably be increased. This mud contained only a small per- 
centage of 200-mesh sand. The operation of the large plant will be 
watched. with great interest. 

Naturally, there will be a certain amount of mud loss in the operation 
of these systems and there will still be a certain amount of loss of mud in 
wells during drilling. However, with the successful operations of these 
or other similar systems a great saving will be made in the amount of 
new mud fluid that must be mixed, and a better mud fluid will be avail- 
able for the drilling of wells. 


Use oF Mup In RUNNING CasING 


Before running casing, the hole is conditioned with mud weighing 
about 75 lb. per cu. ft. The mud cannot be thinned below this weight 
as the walls of the hole are apt to cave. Heavier mud than this has 
a tendency to settle if not kept in motion. In running long strings of 
casing from 20 to 30 hr. elapse from the time the drill pipe is pulled frony 
the hole until the casing is run to bottom. If the mud has settled to any 
great extent it will be difficult to get the casing to bottom. 

The addition of aquagel or other substances, such as Mud-it, hydrated 
lime, or rotary gel, that will tend to jelly the mud will help materially 
in keeping the mud in suspension, but unless the mud must necessarily 
be carried heavier than usual to keep a hole that has a bad caving condi- 
tion from sloughing, ordinary mud weighing 75 lb. and free from sand 
has been found satisfactory. Several years ago in running long strings 
of casing, when the quality of mud was not as good as it is now, it was 
the practice to put several hundred barrels of oil into the casing. At 
intervals, when the pipe became logy, some of this oil was pumped out 
to prevent the casing from sticking. Though this method was successful 
it has now been discontinued except in extremely long strings of casing 
with a large amount of friction or in tight hole, as it was found that 
with mud that is free from sand it is not necessary, and practically all 
casing is now successfully landed on bottom without the use of oil. 


Mup For Loss oF CIRCULATION 


When circulation is lost a thick mud that will plaster the walls of 
the hole and fill the cavities is desired. The best substances for regaining 
circulation are believed to be aquagel, rotary gel, hydrated lime, bentonite 
and Mud-it, which will thicken and have a tendency to jelly the mud. 
Though aquagel is the only substance that has been used here, the other 
substances are said to act with somewhat the same results. The chief 
requisite in the use of aquagel is to be sure that it is properly mixed so 
that every particle comes in contact with water, so that it will form a 
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jelly. If it is ‘not phorsueele mixed it will form in lumps which nave an a 
outside coating of jelly and will be dry in the center. The most efficient — % 
way to mix it is in a cone-shaped hopper with a water or mud jet in the 2 
bottom. The powdered aquagel is fed into the top of the hopper and 
is thoroughly mixed with mud or water coming through the jet. Bento- 
nite, rotary gel and hydrated lime would be mixed in the same manner, 
but Mud-it is an oily fluid that is added directly to the mud fluid at the 
well, either in the ditch or suction pit, and creates a jellying action in 
the mud. When a hole has complete loss of circulation it is well to pump 
mud with the addition of some jellying compound into the hole and allow 
the hole to stand unmolested for 12 to 24 hr. However, if there is only 
a partial loss, the jellying substance may be added to the mud as drill- 
ing progresses. 

Heavy minerals have also been added to the mud in attempts to 
recover lost circulation but only with partly satisfactory results. 

The swelling characteristic of beet pulp and cotton-seed hulls has 
prompted their use to fill cavities in the hole. The pumping of these 
materials into the hole has sometimes been responsible for the recovery 
of lost circulation. 

A 10 to 15 per cent. aquagel mix with water mixed with cottonseed 
hulls has been found to be very effective for spotting in a well for lost 
circulation. This mix is placed in the hole at the point of lost circulation 
and is allowed to set for about 12 hr. It seems that the cottonseed hulls 
and the aquagel form a mat on the walls of the hole that is not broken 
down as.easily as that of an aquagel and water mix. 


Mup F.uvuips For SQUEEZING AND CAVING FORMATIONS 


Squeezing and caving formations are sometimes confused and believed 
to be the same thing. It is true that it is difficult and often impossible 
to differentiate between the two. Caving formations can sometimes be 
“walled up” by thickening the mud, but if a bad caving condition is 
present it can probably be more quickly and permanently relieved by 
the addition of jellying substances mentioned under muds for loss of 
circulation, as they will add to the mud an additional plastering quality. 

However, if formation is squeezing in, thus reducing the diameter 
of the hole, the thing to do is increase the static weight of the fluid 
column so that the static pressure will tend to keep the hole from squeez- 
ing in. The addition of jellying substances which have lower specific 
gravity than the clay used will not help this condition, as the resulting 
mixture will be lower in specific gravity than pure clay mud. Squeezing 
formations can sometimes be overcome by the addition of heavy minerals 
or salt to increase the static head of the fluid column. As heavy minerals 
are more universally used to combat high gas pressures, they will be 
discussed more in detail under that head. They are used similarly to 
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combat the squeezing hole problem. Salt has been used to a slight 


extent to increase the weight of the fluid column, with some degree of 


- success in combating squeezing holes. Salt dissolves in the mud fluid 


and increases its weight without thickening the mud to any extent. 
Salt, however, forms a slight froth in the mud, probably due to some 
chemical reaction between the salt water and certain substances in the 
Ventura clay which in the presence of gas is greatly increased so that it 
has not been successfully used in combating high gas pressures. This 
chemical action may be greater or less in other muds and if it is very 
great will probably lighten the fluid rather than increase its weight, if 
the gas formed is retained in the mud. 


Mops ror CompBatTinc HiagH Gas PRESSURES 


Pure clay mud fluid without the addition of heavy minerals, weighing 
90 lb. per cu. ft. (sp. gr. 1.44) is effective in controlling ordinary gas 
pressures. However, when heavier mud is needed the addition of heavy 
minerals to the mud is advisable. 

Though the authors have observed the use of mud fluid mixed from 
Ventura clay without the addition of heavy minerals weighing as much 
as 94 Ib. per cu. ft. (sp. gr. 1.5), this mud was so thick that it was with 
great difficulty that pumps were able to handleit. Mud with the addition 
of heavy minerals weighing as much as 106 lb. per cu. ft. (sp. gr. 1.7) 
could be handled more easily than pure mud fluid weighing 94 lb. per 
cubic foot. 

_ Mud fluid that with the addition of heavy minerals weighs 100 lb. 
per cu. ft. (sp. gr. 1.60) is sufficiently heavy to control any gas pressures 
yet encountered in the Ventura Avenue field if the gas is completely 
mudded off, before attempting to come out of the hole with the drill pipe. 

It may even be advantageous, if only 90 lb. mud fluid is desired, to 


use some heavy mineral, as a much thinner fluid may be obtained than 
_ by the use of pure clay mud. Thus, 80-lb. mud fluid may be raised to 


90 lb. by the addition of 18 lb. of heavy mineral to 100 lb. of mud fluid. 
This fluid is more easily handled by the pumps and if it is used for 
drilling it will drop cuttings more easily. However, it is not thought 
advisable to mix heavy minerals with mud fluid weighing less than 80 lb. 
per cu. ft., as there will not be enough clay in the mud to keep the heavy 
mineral in suspension. 

Practically all of the heavy minerals now being manufactured for 
use in drilling muds have a base of either hematite or barite, though 
some contain considerable magnetite. There are so many trade names 
for these substances that they will not be mentioned. For use in mud 
fluid there is generally added some “‘suspender’”’ to the base material, that 
will tend to keep the heavy mineral in suspension. The chief of these 
suspenders are bentonite, or other clay, and aquagel. 
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Heavy mineral compounds for use in mud fluids have an approxim 
specific gravity of 4.0. One of the chief factors in heavy ‘mineral com- 
pounds is the fineness. The material must be ground very fine or it will : 
settle too quickly. The material should be ground so that 98 to 99 per : 
cent. will pass through a 200-mesh screen. it Tie 


CONCLUSION 


Attention to mud fluid in the drilling of oil wells repays the effort and _ 
expense it entails. We believe that aside from the big saving on pumps — 
and pump parts, the proper attention to condition of mud prevents 
possible blow-outs, reduces amount of frozen strings of drill pipe and 
casing, and when fishing jobs occur, increases by far the chances that 
these fishing jobs will be brought to a fast and successful conclusion. 
It may be argued that the lessened amount of frozen drill pipe and casing, 
and the greater ease with which lost drill pipe is recovered from the hole, 
is due to the drilling of straighter holes than heretofore. There can be 
no doubt that the straight hole and better equipment of all sorts are 
great aids to keeping out of difficulties, but also it cannot be denied that 
mud fluid of proper weight and consistency and free from sand is entitled 
to a large share of the credit for the drilling of deeper and deeper wells in 
the Ventura Avenue field, with more certainty of success and in a more 
economical manner. 


DISCUSSION 


R. C. Parrerson,* Taft, Calif—This-study brings a certain incident to my mind 
An operator’s superintendent in Kettleman Hills was having considerable trouble and 
expense in securing a satisfactory mud in the hills. A mud freighted from the 
Mohave Desert into the field proved to be very expensive. An expert from a Los 
Angeles basis field was assigned to selecting satisfactory mud. This man upon 
learning of the new problems confronting the operators of this field said he had never 
heard of such a thing, and threw up his hands. In this field it is necessary that one 
secure the proper ratios. For instance, not more than 5 per cent. of aquagel can be 
used because with the enormous gas pressure it causes the muds to froth much more 
readily, and now large quantities of hematite and barite are used. That is due to 
the fact that it is necessary to have these heavier specific gravity ingredients because 
the shales that are drilled through have such a heavy weight that they have to be 
kept buoyed by a heavy gravity mud. 

Another interesting question in the Kettleman Hills is the effect mud fluid 
will have on the oil and gas formations during this period of shutdown. Some 
operators thought it would be more economical to shut the wells in just after 
encountering the prolific horizon, but in this day and age of speed and power 
they are afraid that when they open up the wells the other fellow would have the 
drop on them. A great number of wells have been drilled through the oil formations, 
penetrating the prolific horizon from 100 to 1000 ft. One operator decided to blow 
the well to clean it of heavy mud fluid and replace it with a lighter mud and shut the 
wellin. The well was allowed to blow for two days sufficient lapsing to allow all the 
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a mud fluid to be removed. We were much surprised to find that during the last 24 
hr. of the flow practically pure barite was blown out. The other fluid substances 
_had separated and the barite had evidently penetrated the sand and was the last 

to leave. 


H. H. Hitxt,* New York, N. Y.—What weights are they using in Oklahoma, City 
now? 


C. V. Miuurcan,{ Tulsa, Okla.—They run from 914 to 1044 and over 11 when 
gas sand below 6000 ft. is being drilled. 


R. C. Parrerson.—Another handicap in these deep drilling areas is the use of 
different types of mud pumps. In Kettleman Hills, where electrically propelled 
pumps are used with air chambers attached, those chambers become locked with gas 
and make it hard to circulate the mud fluid and thus cause loss of time. An average 
weight. of mud fluid in Kettleman Hills gas zone is about 92 to 94 lb. per cubic foot. 


F. J. Fous,t New York, N. Y.—This is a little foreign to the discussion, but 
recent experiments we have had in the Gulf Coast might be of interest. In drilling 
through salt in the salt domes, we found that the use of salt was much more effective 
than the use of fresh water. : 


H. H. Hitu.—I know one place where salt solutions are being used, because they 
are sampling the salt. In order to prevent the salt from dissolving, they circulate 
a saturated solution. 


F. J. Fous.—We drilled through 900 ft. of salt in this manner and went back out 
into the formation, which is rather unusual. 


B. B. Cox,§ New York, N. Y.—Has aquagel ever been used in connection with 
brine solutions to hold mud, barites and hematite in suspension? 


R. C. Parrerson.—A certain percentage of it is used continually. If too much 
of the aquagel is used it becomes too stringy. In circulating previous to cementing, 
it comes out stringy. 


B. B. Cox.—My question was: With a brine solution to start with, has aquagel 
been tried to keep the weighting material in suspension? For instance, to prevent 
caving in a salt series in which gas pressures are expected. 


F. W. Herre. and E. W. Epson.—Due to the scarcity of fresh water, sea water 
has been used for mixing mud in the Rincon field, 8 miles north of Ventura on the 
Pacific Ocean. This mud fluid is accompanied by a slight amount of froth and settles 
more rapidly than mud fluid mixed with fresh water but has been satisfactory as an 
ordinary drilling fluid. The addition of 1 to 3 per cent. aquagel has produced a 
mud fluid that is very good. 

Regarding the use of aquagel with brine solutions, we are informed by a representa- 
tive of the California Tale Co. that laboratory experiments show that there is a very 
little difference between the action of aquagel in fresh water and in a saturated salt 
solution. The aquagel remains in suspension practically as well with salt water as 
with fresh water. The use of aquagel in a strong brine or saturated salt solution has 
not been tried in actual practice, to our knowledge. 


* Petroleum Engineer, Standard Oil Development Co. 
+ Production Engineer, Amerada Petroleum Corpn. 

¢ Consulting Oil Geologist. 

§ Near East Development Corpn. 


Chapter XI. Corrosion 


Review of Oil-field Corrosion Problems for 1929 


By L. G. E. Bienrett,* Tosa, OKLA. 


(New York Meeting, February, 1930) 


SuRvEYING what was done in 1929 in meeting problems of oil-field 
equipment corrosion, one is struck by the fact that fewer meetings were 
held for discussion of these problems and fewer papers written than in any 
year since the subject engaged the attention of petroleum engineers. 
This does not mean that progress has not been made, for a great deal 
actually has been accomplished. Recommendations that accompanied 
field reports have been put into actual trial and some results obtained 
are gratifying. 

The type of papers prepared also has undergone a change, for they 
now deal with things accomplished rather than recite damages and 
suggest possible remedies. Some of the most notable work pointing the 
way for future solution of many pipe line problems is that done for the 
U.S. Bureau of Standards by Dr. K. H. Logan and Dr. Gordon N. Scott, 
dealing with tests of pipe coatings and reports on soil conditions. Many 
facts of great importance have been isolated and defined by these two 
men, not only indicating what may be done in some instances to retard 
corrosion, but showing that things formerly considered of importance 
have little bearing apparently upon the practical results. 


ALL-ALUMINUM STORAGE TANKS 


In April, 1928, an all-aluminum 500-bbl. field storage tank was 
put into actual field use in Crane County, Texas, together with another 
tank of the same capacity but made with steel bottom and lower section of 
side sheets and aluminum upper ring of side sheets and deck. In April, 
1929, after a little over one year’s use these tanks were opened and exam- 
ined by a group of engineers and chemists. The results of the test 
were enlightening. 

Other tanks made entirely of steel and used in the same battery with 
the two test tanks had some of their side and bottom sheets destroyed by 
corrosion in six to nine months, but the all-aluminum tank was in actual 
use for 18 months before holes were found corroded through the bottom, 
when the tank was examined for a second time in September, 1929. 
This field test of the aluminum tank confirmed the already known 
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fact that there is no stable ‘combination of that metal and hydrogen 
> sulfide or any of the sulfur compounds found in the oil and water as 
_ produced by these wells. ‘ 


Aluminum is inert in the presence of hydrogen sulfide gas, or sulfur- 


bearing crude oils and therefore should be of definite value for the con- 


struction of equipment that can be fabricated from it provided the 
finished article has sufficient tensile strength for its required duty. 
Decks for large tanks in which sulfur-bearing crude oils are stored 
might well be made of aluminum sheets for the deck and side sheets 
of this aluminum test tank have not shown any signs of corrosion up 
to this time and apparently will last indefinitely. 

Failure of the bottom is attributed to the presence of iron sulfide 
scale introduced into the tank through the mistake of an employee who 
inserted a gaging well made from 26 gage sheet steel into this tank and 
as this thin metal very quickly corroded, the iron sulfide produced by 
the reaction fell to the bottom of the tank in pieces of appreciable size. 
The iron sulfide scale and the aluminum in contact in an electrolyte 
formed from the water in the bottom of the tank set up an electrochemical 
action that caused the aluminum to go into solution and in 18 months 
several holes were eaten through the bottom sheets. 

The obvious method of overcoming this particular condition is to 
keep iron and steel parts out of contact with the aluminum equipment, 
and if this is done iron sulfide scale in appreciable quantities will not be 
introduced into the aluminum tank or other equipment. 

The composite, or half-steel and half-aluminum tank did not handle 
hydrogen sulfide gas in any appreciable quantities. The oil that passed 
through it had previously been heated to a temperature of about 180° 
F. and in this way had lost much of its objectionable sulfur contents, so it 
is difficult to draw any direct comparison between these two test tanks, 
other than to say that the composite tank was apparently as good after 
18 months of use as when it was installed. 


Fretp Tests on ALUMINUM AND STEEL TANKS 


In May, 1929, the U. 8. Bureau of Mines established a field laboratory 
at Borger, Texas, for the purpose of observing the action of crude oil, 
water and hydrogen sulfide gas from wells in that area upon aluminum 
and steel tanks. The battery consists of one 500-bbl. all-alluminum 
receiving or treatment tank, two 250-bbl. all-aluminum and two 250- 
bbl. all-steel pipe line tanks—five tanks in all. 

The test will not be completed for some time, but it is understood 
that salts in solution in the water entering the treating tank have dissolved 
aluminum pipe that was used in the form of a steam-heating coil within 
the tank. In the light of previous experiments with aluminum in contact 
with hot water carrying salts in solution these results could have been 
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Crane County test. 


If equipment is required to handle oil or water containing salts in solu-- 
tions that make a mixture destructive to aluminum, the logical procedure ‘a 
is to neutralize or remove those salts before the liquid is introduced a : 


the aluminum vessel. 


ALUMINUM FoIL—PROTECTIVE COATINGS 


Aluminum foil has been used in several tests during the past year ey 
and Dr. Stanley Gill presented a paper before the American Petroleum — 


Institute meeting in Chicago early in December on this subject. While 
this material seems to present many interesting possibilities, the principal 
problem to be solved in connection with its use is the preparation of 
adhesives that will hold it in place under varying conditions. Some types 
of cement or paste have been used with success, but the time element has 
been relatively short and the final results will not be known for some time. 

Protective coatings to retard corrosion are still being recommended 
and many of them give good results under actual field conditions, but 
experience and detailed knowledge of the entire problem are required 
in the selection and application of such coatings. 

Much has been learned along these definite lines in the past year 
and progress is being made by the process of elimination. The industry 
is coming to know what types of materials should not be used and in this 
way the field of vehicles and body elements for protective coatings is 
being narrowed down, with the result that proven materials are being 
used with much better success. 


INVESTIGATIONS ON CORROSION 


The metallurgist has been by no means inactive. In a lecture before 
the Conservatoire des Arts et Métiers in Paris, Albert Portevin stated 
that at least 4000 investigations on corrosion had been made and reports 
published, not all in the past year, but all available for study at this time. 

In his opinion if the choice of a noncorrosive substance were not 
influenced by cost, platinum offered an ideal solution. If mechanical 
properties could be ignored, glass and ceramic products solved most 
of the other problems connected with corrosion. If, on the other hand, 
the lowest priced material must be used, cast iron would serve. If 
superior mechanical properties were essential, ordinary steel conformed to 
most of the requirements. 

Heterogeneous structures in the metal encourage certain elec- 
trical action which accelerates corrosion. On the other hand, the surface 
layer formed by the corrosion itself retards further action and may even 
completely arrest the chemical attack on the metal. All industrial metals 
(except perhaps the precious metals) are chemically unstable in the 
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_ presence of oxygen and acids, and their only chance of survival is offered by 
_ the protecting coat formed during early corrosion. The most interesting 
metals showing these phenomena are aluminum, nickel, cobalt, and, in a 


lesser degree, copper and steel. Metals in themselves rapidly attack ed 
may become passive (i. e., have a protective oxide formed) if certain 
metals (chromium, silver, molybdenum, vanadium and tungsten) are 
added to them. 

CuromiuM STEEL 


Chromium steels, termed stainless, constitute an immense advance 
in the pursuit of corrosion-resisting alloys. In M. Portevin’s opinion 
their introduction marks a veritable revolution in the use of metals, not 
only for current industrial requirements, but also for the needs of impor- 
tant chemical processes. 

These steels fall into three categories: (1) ferrites with very little 
carbon, which are malleable and are employed without heat treatment; (2) 
martensites, nonmalleable and used for hardening, and (3) austenites, 
solid-solution alloys of iron, chromium, nickel and carbon, which after 
quenching are still malleable. 


HETEROGENEITY AND OTHER FACTORS 


In all practical applications heterogeneity must be avoided. This 
principle would require the minimum number of alloys in a particular 
system, at least where they come in contact, and where such a joint is 
exposed to the corrosive conditions. Extreme care therefore must be 
taken in fabrication, welding, riveting, or other methods of assembly 
which lead to inequalities of composition. Other important factors to be 
watched are the temperature and pressure of the corroding medium, its 
aeration, and the superficial condition of the metal used. 

Reports of specialists in many arts and industries are available 
for those who care to make use of them. Those who are interested in cor- 
rosion are being educated in the subject through open forums and a grow- 
ing volume of literature. They are forewarned and hence forearmed. 


CHANGING CONDITIONS BRING New PROBLEMS 


With field men and operatives in refineries and other branches of the 
petroleum industry better trained to analyze conditions as they develop 
and to meet them if they become dangerous, there is less discussion of cor- 
rosion problems for the simple reason that there is a steadily diminishing 
necessity of enlisting the counsel of others. That is to say, conditions 
that used to be problems are no longer problems, leaving fewer things in 
this field to be talked or written about. 

In the meantime a limited number of technical men continue their 
research work, upon the basis of which forward strides will be made. 
By the time the next generation of workers is busy with its problems again 
it will be found that the solutions now offered will not fit. So the cycle 
of new investigations begun and completed keeps on. 


Petroleum Economic Review for 1929) +H . 


By Warren A. SinsHermEer,* New York, N. Y. 


(New York Meeting, February, 1930) 


PropaB.y there has never been a year during which the petroleum 
industry expended so much effort as in 1929 in an attempt to rectify its _ 


ills. Eventually good will undoubtedly result, but as yet there have 


been no marked changes from the unhappy conditions familiar to all. 


Throughout the year remedies were sought that would cure the long- 
existing troubles of overproduction and waste. 

Proration of production and voluntary curtailment.of output, for a 
short time considered the means for stability, not only failed but con- 
tributed to further waste and created a false sense of security. It 
encouraged a high rate of field development, weakened the economic 
structure by excessive development of newly discovered reserves and 
absorbed large sums of capital yielding meager or negative return. 

The manufacturing of gasoline by refiners without regard for market 
requirements furthered the unsatisfactory condition by falsely stimulat- 
ing the demand for crude and placed on the market an oversupply of 
finished products, particularly gasoline. The marketing section of the 
industry has made progress by its adoption of the Code of Ethics as 
promulgated by the Federal Trade Commission and by the formation 
of an Export Association. 

The year 1929 opened not only with a current supply of oil exceeding 
demand but with an additional daily shut-in and potential supply 
variously estimated at from 3,000,000 to 5,000,000 bbl. This situation 
stimulated the industry, through the American Petroleum Institute, to 
attempt to work out an economically sound solution which would further 
conservation by bringing supply and demand into closer balance. 


Propuction ConrTrRouL 


After a thorough study of producing conditions, the committee of 
the American Petroleum Institute had for its recommendation that the 
production of crude oil in 1929 be held in check to an amount equal to 
that produced during the year 1928. The Federal Oil Conservation 
Board heard the appeal of the American Petroleum Institute and referred 
the matter to the Department of Justice. It was ruled that neither the 
Federal Oil Conservation Board nor the Department of Justice had the 
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’ power to approve the plan. As a consequence, the activity on the part 
of the American Petroleum Institute subsided and the task of 


production control was left with the producers and the various state 
regulatory bodies. . 1h 
In June, a meeting called at the suggestion of President Hoover was 
held in Colorado Springs, to discuss the plan of state compacts as offering 
a workable plan for the conservation of oil production. This conference 
failed to produce any tangible results. Thus the only conservation 
measures taken during the year were those developed within the individ- 
ual producing states where state regulatory bodies acted from time to 
time as particularly aggravating cases commanded attention. ; 
The California State Legislature passed a Gas Conservation Law, the 
operation of which has been delayed by legal action. In Oklahoma and 
Texas state regulatory bodies have from time to time issued proration 
orders curtailing the output of several of the flush fields. In some flush 
fields there have also been voluntary curtailment agreements. In 
a number of instances various companies have pooled acreage to insure 
a more orderly development and lessen waste. In most instances where 
proration occurred speed of development was.not lessened. As a result 
the potential and shut-in production has increased. Unnecessary wells 
were drilled only to be drastically prorated or entirely shut in. The 
industry continued to invest capital that cannot currently produce an 
earning and at the same time continued a vigorous drilling campaign 
which, added to the already high potential production, further weakened 
the economic structure. 
Unit OPERATION 


Exactly five years ago, on Feb. 18, 1925, Henry L. Doherty read 
a paper before the A. I. M. E.,! entitled ‘“‘Suggestions for the Conserva- 
tion of Petroleum by Control of Production.” At that time the industry 
did not take kindly to Mr. Doherty’s plan, but he sowed the seed of a 


new thought—unit operation of oil pools. The seed has been germinating 


slowly. Gradually, proponents of unit development have come forward, 
each with his own scheme; few, if any, giving much credit to Mr. Doherty. 
Recent enunciations by various other leaders in the industry, as well as 
plans formulated by the American Petroleum Institute inaugurated 
during the past two weeks, indicate that at least the basic principals of 
the Doherty unit development plan will become a reality. 


INCREASE IN STOCKS 


Despite all the efforts put forth and despite a consumption of petro- 
leum products greatly in excess of that which had been looked for, the 
year 1929 closed with an increase of 9.61 per cent. in stocks of crude oil, 
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an increase of 29.41 per catoin in stocks of gasoline, and with the unprece- 


dented total of 688,000,000 bbl. of all petroleum stocks above ground. — oe 

While nondidons in the producing branch were admittedly unsatis- ™ 
factory, part of the overproduction can be attributed to refineries oper- 3 
ating in excess of market requirements. This uneconomic procedure “- 
artificially stimulated the demand for crude and worked to the dis- 
advantage of the producer and refiner alike. a 

As will be recalled, the year 1928 was a fairly prosperous one for dha 
refining and marketing branches of the iudustry. In 1927 the law of 
supply and demand developed an extremely low price for gasoline, with 
the result that refining operations were drastically curtailed in the winter | 
of 1927-28. The sharp increase in gasoline demand in 1928 was for a 
short while overlooked by the refining industry. There was no over- 
production of gasoline in 1928 and as a result a fairly satisfactory eco- 
nomic condition existed for this commodity. These same economic 
conditions were not existent in the winter of 1928-29 and are being 
ignored again at the present time. 


INCREASED RECOVERY OF GASOLINE 


Significant in providing for demand of motor fuel is the trend of 
increased recovery based on a unit quantity of raw material. The 
increase in recovery of natural-gas gasoline and the marked expansion 
of cracking facilities are important factors combining to reduce the 
amount of crude necessary to produce a barrel of gasoline. This trend 
has been pronounced during the past five years. A study of statistics 
reveals that during this period the volume of crude necessary to produce 
one barrel of gasoline has decreased by 22 per cent. It is apparent that 
increases in gasoline demand must be discounted in gaging the necessary 
crude supply to meet it. Through the medium of cracking facilities 
and large stocks of fuel oil on hand, it is not only possible but highly 
probable that this trend will continue. In this connection it is interesting 
to note that in order partly to rectify our present economic gasoline 
situation runs to stills in 1930 can be reduced by 2 per cent. from the 
1929 level and adequately meet a 10 per cent. increase in demand. 

As refining facilities are adequate to meet current demand even at the 
height of the consuming season, it is no longer necessary or sound to carry 
inventories of gasoline in excess of working stocks. This, together with 
the ability to forecast demand closely over long periods, places the manu- 
facturer in a position of flexibility where he can make the most of 
his opportunities. 


ErHicaL STANDARDS 


The principle of fair trade practices as interpreted by the Federal 
Trade Commission is the basis of the Code of Ethics now finding applica- 


exh a 


J 


WARREN A. SINSHEIMER 399 


tion in the marketing of petroleum products. The adoption by respon- 
_ sible units of the ethical standards embraced in the Code has promoted a 


healthier competition in the domestic marketing field. The export 
movement has been benefited by the functioning of the Export Associa- 


tion. However, the battle for gallonage still goes on. 


TREND TO COMPLETE INTEGRATION 


During the past year there has been a further development in the 
trend toward complete integration. This movement has been marked by 
several mergers already completed and others in process of negotiation. 
The industry has been making a strong effort towards reducing costs and 
it is apparent that it realizes that part of its salvation lies in efficiency in 
all branches. 


Tue IMMEDIATE FUTURE 


The unsatisfactory condition that obtained throughout the year 1929 
has already been reflected in 1930. Crude oil prices have been reduced 
since the first of the year and the wholesale price of gasoline is at a low 
postwar mark. Stocks of both crude oil and gasoline are at an all-time 
peak. In a large measure, above-ground stocks do not portray the real 
situation. In Kansas, Oklahoma, Texas and California there are numer- 
ous fields either partly or fully developed under the 1928-29 system, 
prorated to but a small percentage of their actual capacity to produce 
today. These developed but prorated pools constitute a stock of crude 
petroleum which should be given consideration in the same category as 
above-ground storage. 

The drastically curtailed daily production is in excess of current 
requirements and only slightly under the peak of midsummer demand. 
So far the industry’s attempt to regulate itself without drastic price 
readjustments has been unsuccessful. The immediate future is difficult 
to forecast. The petroleum industry is an essential one and an essential 
industry can only prosper at a profit to the operators in it. There is some 
solace in this thought. 


STATISTICS 


There is appended to this paper a tabulation and a set of charts 
portraying the principal statistical changes that occurred in the industry 
during 1929. In some instances a short discussion accompanies each set 
of figures or charts. 

Table 1 sets forth statistics of crude and refined petroleum in above- 
ground storage. Included in the tabulation of refined stocks is the item 
of California crude oil below 20°, statistics for which cannot be segregated 
from those of fuel oil. 


ee Bk. | 


TaBieE 1- —Total Stocks of rig 


Gntceesod over 


Year Crude geen" " Refined | i: 

23 Cent. ey |e 
1926 309 R8.58 | 212 2.42 
1927 372 20.38 218 2.83 — 
FOI) 4, 385 3.49 229 5.05 
1929 422 9.61 259 3.10 


2 Producers’ stocks not included. 


Table 2 shows the past trend and volume of crude oil in ‘storage. 
California crude below 20° is excluded. It is significant that of the total 
increase during 1929, amounting to 37,000,000 bbl., 23 ,000,000 bbl. was 
in California light crude. The item of predic: stocks is omitted — 
because it is not exactly comparable with past statistics. At the end 
of 1929 these stocks are estimated at approximately 7,000,000 barrels. 


TaBLE 2.—Crude Oil Stocks 
Millions of Barrels 


Californias Increase over | Mid-Conti- | Increase over | Total U. S.* | Increase Me 
aaa! Preceding nent Pipe Preceding | Except Cali-| Prec 
Year 20° an Year, Per Line and Year, Per fornia Year, 
Above Cent. Tank Farm Cent. Below 20° 
1926 roll R29 .54 174 R11 .22 | 309 R8.58 
1927 20 R385 .48 247 41.95 372 20.38 
1928 17 R15 .00 266 7.69 385 3.49 
1929 | 40 135.29 274 | 3.01 422 | 9.61 


2 Producers’ stocks not included. 


Table 3 is a compilation showing gasoline, gas and fuel oil and total. 
refinery stocks, but not crude at refineries. Here again is evidence of 
lack of control on the Pacific Coast. Of the total increase in gasoline 
stocks during the year 58 per cent. was in California. 


TaBLE 38.—Refinery Stocks, Total United States 


Millions of Barrels 


san over C d eth over Total Increase over 
Year | Gasoline | receding | Gasand | Picceding | Retnery | Preceding 
Cent, Cent. CnESS Cent. 
1926 40 RO.33 112 5.33 212 2.42 
1927 33 R16.238 126 12.06 218 2.83 
1928 34 1.79 134 6.48 229 5.05 
1929 44 29.41 146 8.96 259 13.10 


2 Includes California crude oil below 20°. 


Fig. 1 sh ; , 


ee Table 4 covers the statistics of supply and demand for petroleum. 
the 1929 figures are exceedingly misleading, because they give no effect 
to the shut-in production. 


Imports of crude petroleum during 1929 were about equal to those 


: of the preceding year, but imports of products, principally gasoline, 
_ increased about 20 per cent. : 
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Fig. 1—Torat Unrrep STATES SUPPLY AND DEMAND OF ALL OILS. (IMPORTS AND 


EXPORTS REFLECTED.) 


Tasie 4.—United States Supply of All Oils 


Thousands of Barrels 


. 8, Crud: U.S. Imports | Production Oth 
var | Bite | Saftey | Natit | ro nor son 
1926 770,874 -. 81,320 28,164 886,611 
1927 901,129 71,736 34,417 1,014,084 
1928 901,474 91,557 45,135 1,038,166 
1929 | 1,005,598 108,619 55,326 1,169,633 
United States Disposition of All Ouls* 
Thousands of Barrels 
Year Domestic Demand Exports Total Demand | Increase in Stocks 
1926 778,842 131,494 910,336 R23,725 
1927 804,578 141,035 945,613 68,471 
1928 859,463 154,449 1,013,912 24,254 
1929 940,214 162,257 1,102,471 67,162 


Fig. 2 


« Producers’ stocks not considered. 


shows published statistics of supply and demand of crude oil. 


The unsatisfactory conditions are illustrated at a minimum, as the shut- 
in supply is not reflected. 
Fig. 3 reflects the high rate of development which continued through- 
out 1929 despite the increasing trend in shut-in and potential production. 
Table 5 presents statistics of gasoline supply anddemand. Included 
in these figures is the item of natural-gas gasoline and benzol. 
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Fig. 4.—GASOLINE SUPPLY AND DEMAND. (IMPORTS AND EXPORTS REFLECTED. ) 
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ABLE 5.—United States Gasoline Supply 


Thousands of Barrels 


: v , ‘ : Increase over 
he cae Imports Total Supply Erase eu 


1926 302,759 5,540 308,299 13.58 


ea iO es 334,281. 5,002 339,283 10.05 
1928 380,991 4,198 385,189 | 13.53 
1929 438,551 8,868 447,419 | 16.16 


United States Gasoline Demand 
Thousands of Barrels 


~ Increase over 
Year Domestic Demand Exports Total Demand Preceding Year, 
Per Cent. 
1926 : 265,118 43,313 308,431 | 17.30 
1927 : 301,362 44,337 345,699 12.08 
1928 | 331,691 52,904 384,595 11.16 
1929 | 376,175 61,208 | 437,383 iio 
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Fria. 5.—MotTor FUEL PRODUCED (PER CENT.) PER BARREL OF CRUDE RUN TO STILLS. 
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Fic. 6.—GASOLINE DEMAND AND CRUDE OIL REQUIRED PER BARREL. 


Fig. 4 indicates how gasoline was manufactured without consideration 
of outlet. Fig. 5 indicates the trend of increased recovery of gasoline 
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Fia. 7.—UNITED STATES PRODUCTION OF OTHER MOTOR FUEL. 
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and decreased unit demand for crude oil to meet it. Fig. 7 shows the — x 
trend of production of natural-gas gasoline and benzol. Fig. 8 shows 


in percentages the source and method of producing the United States 
motor-fuel supply. 


K Chapter XII. Petroleum Economics 


Economic Trend of the Petroleum Situation 


By Josurx E. Poauz,* New York, N. Y. 


(Tulsa Meeting, October, 1929) 


New economic forces are at work in the petroleum industry. In 
order to visualize these forces and to see clearly their bearing upon the 


producer, refiner, and marketer, it is necessary, first, to go back and gain 
a perspective of the economic evolution of the business. 


EARLY TREND TO INTEGRATION 


For several decades prior to 1911, the outstanding feature of the 
petroleum industry was a trend toward integration, culminating in a huge 
combine, the Standard Oil Co. An important aspect of this integrative 
trend, however, was its concentration upon a combination and control of 


refining and marketing, leaving crude oil production, for the most part, 


to the exigencies of small-unit competition. It is a noteworthy coin- 
cidence that during this era the law of oil and gas was formulated and 
applied, whereby these substances had to be reduced to possession to 
establish ownership; and the forces of competition in crude oil production 
were thereby intensified. It was to the interest of an industry, safe- 
guarded in its control of manufacturing and markets, to have supply 
stimulated by legal convention as well as by individual initiative in 
order that the growing demand could be met without interruption. And 
so overproduction of crude oil during this era was no handicap, but rather 
an aid, to the progress of the industry. 


oa DISINTEGRATION 


-® But the idea of superintegration, despite its efficiencies, became repug- 


nant to the temper of the times and so the Standard Oil Co. was dissolved 
by Court decree—disintegrated into over 30 parts. And thus, in 1911, 
was ushered in the second era of the petroleum industry, a period of 
intense competition. This era coincided with the development of auto- 
motive transportation, and a tremendous growth resulted in the effort to 
keep pace with the mounting demand for gasoline. An intense individual- 
ism and unbridled competition were appropriate to this period of entry 


* Consulting Engineer. 
405 


a ee 


into the gasoline age; the wastes incidental to it were lost in “- 
the growth. 

During this second period, again, the feudal law of oil and ga 
not unfit, or at least did not run seriously counter to the needs } 
situation. For a time, indeed, it appeared that the supply of oil 
fall short and so a “shortage idea”? was born, which brought the larger 


companies hurrying into the field of production. This change was most 
important, for while it did not materially decrease competition, it resulted, 
first, in a differentiation of the field into two components, the independent _ 
producer and the producer affiliated with refining; and, second, it brought — 
about a tremendous expansion in the technology of oil-finding and 


oil production. 
RETURN TO INTEGRATION 


As a result, then, of an old law, inherited from the past; of the desire 


of large companies to assure themselves.of an owned reserve of crude oil; 
and of revolutionary advances in technique, the supply of crude oil gained 
such impetus that new economic forces have been generated which are 
now carrying the petroleum industry into its third stage, marked by a 
return toward integration and control, as opposed to disorganized com- 
petition. It has become apparent, in short, that supply left to competi- 
tive forces alone results in chronic overproduction and, therefore, the 
manner of conducting the business must necessarily undergo a change to 
eliminate this flaw from an activity otherwise sound in its attainments 
and prospects. It is precisely the remedy of this defect that constitutes 
the major problem before the industry today, and it is fairly clear along 
what lines the solution will be found. 


ANTICIPATED CHANGES IN PETROLEUM INDUSTRY 


If present economic trends continue to their logical conclusion, the 
following changes in the petroleum industry will be witnessed: % 

The fundamental law of oil and gas, now at variance with economic 
needs and sound engineering practice, will be changed or modified; and 
oil pools will be operated as units. 

Pending this change, the competitive pools will be more guitck> 
depleted than the noncompetitive, or unit pools, leaving the latter seg- 
regated more and more in the hands of the larger companies (7. e., pro- 
ducers affiliated with refining). This process will tend to lessen the role 
of the so-called independent producer. When this is appreciated, the 


independent producer, as a defense against his elimination from the oil - 


business, will change his present opportunistic policy and work for’ a 
revision in the basic law of oil and gas, and also bend his efforts toward 
the furtherance of unitization and cooperation, developments really more 
essential to him than to the integrated company. 
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bs a /s ‘Physical integration will proceed to much further lengths than it has os 
__ thus far attained, and the result will be the concentration of the industry 
_ into fewer and larger units, competing in the lowering of costs and the 
improvement of products and service, but cooperating in the control 
of supply. : | . 
Rationalization in the petroleum industry will be attained first in the 
refining and marketing branches, where this undertaking will meet less 
resistance and then proceed more slowly to the field of crude oil produc- 
tion, where more serious delays will intervene because of the inertia of 
obsolete legal restrictions and the ill-advised opposition of small interests. 
While progress in the directions indicated will doubtless be slow, 
the logic of the situation is such that the forces of reaction will not prevail 
indefinitely and the forces of progress will in time gain the ascendancy. 
The very seriousness of the petroleum situation today, as it rounds out a 
decade of almost unbroken overproduction, is perhaps the best guarantee 
of the ultimate correction of the flaw that prevents this great activity from 
assuming its rightful place among the orderly conducted industries. 


DISCUSSION 


C. B. Mares,* Tulsa, Okla.—It has been my thought for some time that other 
industries enjoyed a peculiar status, inasmuch as they seemed automatically to hold 
their production down to demand. Notable is the steel industry, which produces 
to meet demand. Does Dr. Pogue think it is possible for the oil industry to do like- 
wise, and does the present trend indicate we will in time produce the oil to meet the 
demand and not just produce it at free will? 


J. E. Poaur.—I do not know what is going to happen, but if present trends 
continue, yes. But to achieve this objective will require the development of an 
efficient type of collective management in the industry. 


———— 7 oe 


_ J. B. Umeresy,{ Oklahoma City, Okla.—As an engineer I am willing to assume 
that if unit operation is sound engineering, sound economically, true conservation 
and to the best interests of all, existing law will be interpreted or modified to make 
it possible. It seems to me that the engineer’s part in the problem is to contribute 
his utmost to the balance sheet of advantages and disadvantages. Not trained as a 
lawyer I fail to see how the unitization of individual pools can be considered in restraint 
of trade when we recall the great number of pools that contribute to the 


country’s production. 


wie Sea 


H. C. Groraez,t Norman, Okla.—I agree with the view that the oil pool must be 
operated as a unit. So far as the large companies go, no doubt that can be accom- 
plished, which leaves the solution of the problem to the changing of the laws so that 
a pool can be operated as a unit, and that, of course, means the cooperation of all the 
fee owners and the royalty owners with the oil companies. 

[For discussion of this paper by W. S. Farish see page 101.] 


* Technologist, Mid-Continent Oil & Gas Assn. 
+ Geologist and Petroleum Engineer. 
t Director, School of Petroleum Engineering, University of Oklahoma. 
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“Controlled Gasoline aes Key to Oi 


By H. J. Srrurs,* Houston, Texas 
(New York Meeting, February, 1930) mere aed *: , J 


A GLANCE into the immediate future of the refining ‘lida 
retrospective view of 1929, cannot fail to emphasize the need for effe 
measures of control of refinery still runs. With oil producers alert to 
need for control of the crude supply, it has become more than ever neces _ 
sary for refiners to complete the movement toward stabilization by con 
certed determination to maintain still run schedules within the limitations 
prescribed by the demand for gasoline. The outlook for continued — ‘ 
growth in the demand for gasoline appears to be well sustained by a ~ 
preliminary survey of requirements for 1930. In fact, it is apparent 
that the industry will be assured of a market for gasoline that will aggre- _ 
gate in volume at least 472,000,000 bbl. this year. This indicates a 
gain in total demand over 1929 of about 9 per cent. or about 4.6 per cent. 
less than the gain recorded during 1929 over 1928, which amounted to | 
13.6 per cent. Despite the indicated increase in gasoline demand this 
year, it is apparent that little, if any, more crude will be required than 
last year. This is shown in Table 1, presenting estimates of gasoline 
demand and probable crude requirements for 1930. 
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TaBLe 1.—Preliminary Survey of 1930 Gasoline and Crude Run 


Requirements ‘ 
MILLIons or BARRELS 

Domestic, gasoline demands oy: sie xcs pols uewien: ig ee ee 397 7 
MOrelen  SBSOliNS CLeMGAT uses minke couse canta, aes neces ee (os a 
Total indicated demand .c.4.. tus) dn ws airline thease 472 
Natural gasoline contenti: = 44 .dscheiee een eee ere ee 53 * 
Net gasoline from! crudes.iar. sl dss enter eee enon LQ > 
Imported gasoline? 20! 34 (200 Je aly eek ee ee 13 
Net gasoline required from refineries.................00eeeeeeee 406 
Indicated excess stock Dec..31, 1929.0 ....,...0cstc.eet assume 10 


thine ite a ee 3962 

« At 40 per cent. gasoline recovery, this represents a maximum crude conversion 
of 990,000,000 bbl., or a daily average for the year 2,712,000 barrels. 

Year after year, the refining branch of the petroleum industry has 
been found guilty of running crude to stills greatly in excess of normal 
requirements, causing frequent periods of market depression. A review 


Maximum production required 


* Petroleum Economist, The Gulf Publishing Co. 
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of the situation during the past year not only discloses serious over- 
duction but also unnecessary additions to refined oil storage, which 


market and the value that might have been attained on the basis of 
prices obtaining during the preceding year. This is shown graphically 


TOTAL GALS. 15,773,144.000 TOTAL GALS. 1S,797,944.000 
REVENUE # 1,259.841,000 REVENVE # 1,.340.165000 
AVG. PRICE oors AVG. PRICE 0848s 


Fic. 1.—WHOLESALE REVENUE FROM DOMESTIC GASOLINE CONSUMPTION 1928-1929. 
Based upon composite price of 58-60° gasoline at refineries in Pennsylvania, 
Oklahoma, Kansas and California. 


in Fig. 1, presenting a curve of wholesale value of motor gasoline for the 
three leading marketing groups over a 2-year period. The figures on 
the chart show that although the total revenue increased as a result of a 
larger volume, the average price was $0.0067 less during 1929 than during 
1928. In view of the unusually large demand for gasoline last year, 
it is apparent that even slight effort to control the volume of crude pro- 
cessed at refineries would have resulted in a comparatively more favorable 
financial result, at least comparable with results obtained during 1928. 
The fact remains, however, that if it had not been for the unprecedented 
demand, the industry would have entered this yearin far worse condition. 
As it is, the statistical position at present is far from satisfactory. 


Deap LINE SUGGESTED 


The fact that wholesale prices began to slump in the midst of the 
season of peak gasoline demand offers sufficient reason for the industry to 


inaugurate a concerted fiers againate aes duc 


le 


than is indicated to represent normal mar 
way to accomplish this is for the refining indu 
line” of still runs for the United ceri based uy 


action by the retniie industry but sles on the vedenielete limits sanctioned - _ 
by national and state laws. . ; =) Wid) : 


TABLE 2.— Refinery Crude Runs ~ 
Thousands of Barrels 


Actual, 1929 Suggested "Dead Line,” 1930 
Total § | Cumulative Total - Cumulative 
Januaryser.. eee | 78,825 78,825 | 78,702 78,702 
Februaryaeinee se : 72,031 150,856 71,918 150,620 
Marcha. Sr chrtanssis 4 80,708 231 564 80,333 230,953 
Dorie. eee 80,459 312,023 80,582 311,535 
Mayeat. Coe 84,420 396,443 84,268 395,803 
UNG Seale tees 84,400 480,843 84,289 480,092 
UU yee epee cctave ake acs 85,919 566,762 - 85,673 565,765 
August i500 a5 Gist: 86,733 653,495 88,252 654,017 ‘i 
September......... 84,099 737,594 86,707 740,724 m 
Octobersy).. srk ; 88,390 825,984» 85,746 826,470 
November......... 81,061 907,045 82,595 909,065 
December.......... 80,663 987,708 80,935 990,000 
PPGEALs Wer ra cnr ed - 987,708 990,000 cig ae 


Having established a dead line for the industry in the United States 
as a whole, it is then possible to break down the sum total on a monthly 
basis to include each major refining group, which can, in turn, be prorated 
to smaller groups in the various refining states, and even down to individ- 
ual plants, if necessary. Assuming that the suggested rate of monthly 
crude runs to stills will adequately supply this year’s gasoline require- 
ments, as well as take care of the indicated surplus accumulated last year, 
it is logical to assume that the adoption of this method of curtailment 
would readily lead the industry to a fair degree of stabilization this year. 
In fact, the author believes that the majority of those who give study 
to the conditions outlined will agree that unless some dead line is estab- 
lished this year, gasoline will command even lower values this summer 
than those obtaining last summer. Fig. 2 presents a graphic view of the 
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indicated normal course of refinery still runs this year, as well as the 


~ eumulative dead line, beyond which the refining industry cannot afford 


to process crude without inviting further demoralization of the structure 
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Fic. 2.—EsTIMATED NORMAL COURSE OF REFINERY STILL RUNS FOR 1930, . WITH 
CUMULATIVE ‘‘DEAD LINE.” 


Curve represents maximum quantity of crude oil to be processed in order to 
equalize supply and demand for gasoline. 
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Fia. 3.—-THE OIL INDUSTRY’S GUIDE TO NORMALCY FoR 1930. 
Shows anticipated crude oil requirements, refinery runs and maximum crude oil 
production required from American producers. 


of the refined oil market. “This is amplified in Fig. 3, showing what the 
writer has designated as the petroleum industry’s guide to normalcy for 
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1930. Since the industry will undoul 
of foreign crude oil by refineries, the net crude p 
United States resolving itself to the maximum quantity req 
maintain at least a temporary state of normalcy. Thus, it is a 
that a complete picture of the gasoline situation necessarily in 


consideration on the part of both refiners and producers, for when one 
branch is out of balance, the other suffers in direct proportion to the 
economic influence of either or both upon the market structure. 

REFINING Capacity INCREASING 


One important influencing factor in the overproduction of gasoline has - 
been the constantly increasing rate of refining capacity in the United 
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Fic, 4.—TREND OF POTENTIAL AND ACTUAL GASOLINE SUPPLY, COMPARED WITH TOTAL 
DEMAND. 


Visible supply restricts recoverable gasoline in crude stocks on basis of increasing 
recovery at refineries. 


States. Each year finds numerous new plants in operation, while the 
installation of cracking facilities continues to inérease the yield of 
gasoline and proportionately lower the rate of increase in crude demand. - 
A record of the past 5 years reveals that the total refining capacity in the 
United States has increased at the rate of about 200,000 bbl., on a daily 
basis, each year, whereas, during the past 2 years, cracking unit installa- 
tions have ranged nearly twice as large as that figure. In this connection 


it is interesting to note that refinery cracking capacity in the United 
: ‘tates is now estimated to aggregate about 1,772,000 bbl. daily. More 
than 200 refineries are now operating cracking units in the United States. 
Some idea of what effect this has had upon the potential gasoline supply 
can be obtained from Fig. 4, which shows the trend of visible gasoline 
supply in crude stocks, as well as the actual supply available each year. 


— 


The widening area between actual and potential gasoline supply reflects to 
a marked degree the constantly increasing recovery of gasoline from 
crude. In comparison with total demand, this shows the situation that 
confronts the industry and makes it more and more necessary to effect 
some reasonable degree of control. Table 3 presents in detail the quanti- 
ties of gasoline designated as potential and the actual supply as well as 
demand for each year since 1917. _ 


TABLE 3.—Gasoline Supply and Demand 
Million Barrels 
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Potential Supply Actual Supply Demand 
1917 104 76 66 
1918 136 95 88 
1919 136 102 91 
1920 165 128 117 
1921 E 176 135 121 
1922 218 ; Gomes 142 
1923 297 ; 206 177 
1924 369 245 214 
1925 440 294 255 
1926 500 344 305 
1021 in 519 374 342 
1928 588 413 380 
1929 667 476 433 


Supply AND DEMAND RATIOS 


The infallibility of the law of supply and demand as an influence on 
market price fluctuations of gasoline is exemplified best by a study of 
supply and demand ratios. This is clearly illustrated in Figs. 5 and 6, 
which show the trend of wholesale gasoline prices during the past two 
years in relation to the calculated index, which represents the supply- 
demand barometer. Fig. 5 shows the average prices prevailing each 
month at refineries in Oklahoma, Pennsylvania and California, in 
comparison with the supply-demand ratio for the United States. Fig. 6 
presents a composite view of the wholesale gasoline market, as it applied 
to motor gasoline at the three leading refining groups, in comparison with 
the supply-demand ratio including the influence of crude. The barom- 
eter exerted a decided influence upon the course of gasoline prices 
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Fic. 5.—WHOLESALE GASOLINE MARKET PRICES IN RELATION TO INFLUENCE OF 
SUPPLY-DEMAND RATIO FOR THE UNITED STATES. 


Note marked relationship between ratio curve and market fluctuations. 


emphasized in this connection, however, is that a rising barometer _ 
invariably indicates a rising gasoline market, but as long as the supply q 
continues to mount there can be little hope for better market prices. 
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Pia. 6.—CompositE PRICE OF 58°-60° GASOLINE IN OKLAHOMA, PENNSYLVANIA AND 
CALIFORNIA, COMPARED WITH SUPPLY-DEMAND RATIO OF GASOLINE, INCLUDING 
INFLUENCE OF CRUDE SUPPLY, 


Everyone will agree that the range of prices that prevailed’ during the 
past summer were not in keeping with the real economic value of gasoline, 
but the cause of this is attributed almost entirely to the inability of the 
industry to maintain any degree of control over the supply. The 
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narrower price range prescribed by the composite curve in Fig. 6,-in 
spite of the fact that the barometer indicated higher prices, is ascribed 
to the conditions that prevailed at refineries, as indicated in Fig. 5. 

Another factor that aroused unusual comment during the past year 
was the influx of gasoline from the British West Indies and the increased 


_ shipments of California gasoline to the Atlantic seaboard. While it may 


be true that these sources of low-cost supply have forced refiners and 
marketers to cut prices in order to meet that competition, it appears 
somewhat ridiculous to assume that this comparatively small volume, 
which really represents less than 8 per cent. of the total American gasoline 
demand, could seriously affect the markets of a majority of gasoline 
manufacturers and marketers in the United States. This condition, 
therefore, simply emphasizes the apparent sacrifices that are made by 
the industry in the quest for more gallonage. It is possible that gasoline 
imports during 1930 will aggregate about 13,000,000 bbl. and California 
gasoline shipments to the Atlantic Coast may exceed 25,000,000 bbl.; 
a total of 38,000,000 bbl. On the basis of the indicated total demand this 
year, this quantity will represent about 8 per cent. of the total. The 
question before the industry is: ‘Will competition, representing only 
8 per cent. of the gasoline business in the United States, dictate the market 
values of 92 per cent. of the supply?” On the other hand, California 
gasoline, while used in a competitive degree on the east coast, cannot 
be classed as outside competition, since California is as much a part of the 
American industry as any other section of the country. It is apparent, 
therefore, that the industry’s foreign competition really represents less 
than 3 per cent. of the total volume marketed by the industry. In the 
face of expanding markets for gasoline abroad, it would seem rather 
absurd to insist upon an import duty on gasoline of 50 c. per barrel. 
The competitive angle of the gasoline situation seems to resolve itself 
to the conviction that the industry still has much to learn about modern 
merchandising of its products. It would seem as though a more direct 
and forceful method of solving competitive difficulties would be to pave - 
new avenues to undeveloped markets, rather than demoralize the eco- 
nomic market structure of a product that commands a world-wide 
demand. Of primary consideration, however, is the urgent need for 
better control of the supply, the solution of which rests entirely with 
the refiner. 

The phenomenal growth in the demand for American gasoline occupies 
a conspicuous niche in the annals of modern industry. Within a period 
of 13 years, the demand for gasoline has grown from a total of 62,000,000 
bbl. in 1917 to a potential demand this year of 472,000,000 bbl. Yet, 
with all of this remarkable growth, the industry continues to complain 
of inadequate market prices. Overproduction is a term that applies 
most effectively to this march of events. Last year, and for a number 
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Fac. 7.—TREND OF CUMULATIVE GASOLINE DEMAND SINCE 1917. 


Dotted lines represent estimates for 1929 and 1930. Note preciseness with which 
monthly cumulative gasoline demand was forecast for 1929. 


Bureau of Mines reports, proved to be 433,000,000 bbl. The remarkable 
degree with which actual demand conformed to the monthly cumulative 
estimate is illustrated in Fig. 7, which also shows the actual trends of 
cumulative demand for each year since 1917, with culmination points 
indicated for the years 1919 and 1926. This furnishes an interesting 
picture, since the largest percentage gains apparently were made during 

the years following 1922 and preceding 1927. The year 1929, however, — 
proved to be a period of unusually large consumption, exceeding the rate 
of increase established during the two preceding years. This also empha- 
sizes the accuracy with which it has been possible to forecast the demand. 
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In estimating the Fiseline demand for 1930, due consideration was _ 
given to prospective sales of motor vehicles, as well as to the prospect ine 
of a further normal increase in demand from foreign sources. It is still 
too early to obtain figures for final motor vehicle registration for last 
_ year, but it is believed that the total as of Dec. 31, 1929, will exceed 
27,000,000. It appears likely, therefore, even though the rate of sales 
falls below the rate established last year, that the registration figure will 
closely approximate 29,000,000 this year. On this basis, the average 
_ monthly registration during 1930 will be about 28,500,000, each vehicle 
- consuming on an average of 506 gal. during the year. This reveals a 
total demand by motor vehicles in the United States of 14,154,000,000 
 gal., or about 337,000,000 bbl. In addition, there will probably be 
consumed a total of 60,000,000 bbl. for miscellaneous uses, and at least 
75,000,000 bbl. for foreign consumption, aggregating in all about 472,- 
000,000 bbl. Table 4 shows how the indicated demand during 1930 
will probably be distributed throughout the 12 months. The last column 
carries a cumulative total, which has been plotted graphically in Fig. 7. 
The blank column, marked “actual,’’ has been provided for the insertion 
of cumulative totals, domestic consumption plus exports, reported 
3 monthly by the U. S. Bureau of Mines. 
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. TABLE 4.—Gasoline Demands, 1930 
E (Thousands of Barrels) 
4 8 EEE EEE aT a 
Minpellay 1 Cumulative 
etoter [acetal Exports Total = 
vied Y Estimated Actual 
4 JRDUATY A. tee 20,411 3,900 5,173 29,484 29,484 
February....... 20,766 3,709 4,622 29,097 58,581 
March]: a8 ox 25,414 4,364 5,620 35,398 93,979 
Aprile Se. 26,374 4,855 6,725 37,954 131,933 
Mayet Ares ita 30,416 5,562 7,375 43,353 175,286 
Tanmevee vac BLATT 5,755 7,723 44,955 220,241 
July.a 8 > 32,841 5,673 7,143 45,657 265,898 
AUPUSt sc. oes me 33,094 5,945 6,434 45,473 311,371 
September..... 31,755 5,455 6,696 43,906 355,277 
October .......- 28,850 5,127 5,593 39,570 394,847 
November..... 27,864 4,882 6,591 39,337 434,184 
December..... 27,(38 4,773 5,305 37,816 472,000 
Totale.ws. 4 4) oo¢,000 60,000 75,000 472,000 
oe 


ay E. Pocun,* New York, N. Y—In commer 
offer an explanation of the current overproductio é 
industry attempted last year to restrict the supply ee wradé oil, and Ls 
despite the addition of nearly 50,000,000 bbl. of crude oil to storage, the y 
oil advanced and was maintained at a higher average level than the 
As a result of the type of proration control instituted, and of the high 
crude oil, two consequences ensued. In the first place, producers owning r 
made use of their refineries to give them an outlet for as much crude as po 
In the second place, the maintenance of an artificially high price level for cts 
as a result of control, threw greater profits to cracking operations than to straight 
operations, and therefore stimulated the output of cracked gasoline and the cons 
tion of new crackers. Therefore, our current condition of gasoline overprodu 
is directly traceable to control of crude oil production, or, let me say, to the fail 
of the industry properly to control crude oil production so as to prevent the develop- — 
ments indicated. ja 
Two years ago I commented on the factor of control in the petroleum industry; * 
and pointed out that control was an important new economic force, but a dangerous | 5 
one; that in most commodities where control had been tried, it broke down through _ 
faulty application or through improper use. In the petroleum industry control, as 
applied last year, has had an unfavorable bearing on the gasoline situation, and that . _ 
I take it is not to be attributed to failure of control per se, but to the inadequacy of | 
the type of control applied; and it also illustrates that it is a dangerous thing to go 
halfway with a new economic force and not to properly safeguard its application. | 


C. H. Osmonn,t New York, N. Y.—The main point that I got out of Mr. Struth’s 
paper and Mr. Pogue’s remarks is that we are figuring on running too much crude 
to stills. ome 

Mr. Pogue brought out the cracking situation. Cracking is an economic necessity, 
and there is reason back of installing economic equipment. It is sound, whether h 
crude is high or low, because gasoline can be made with proper cracking equipment 
more cheaply even with low-priced crude than straight-run gasoline can be made. _— 
Another reason is the need for cracked gasoline to meet the type of motor fuel that is 
in demand today. Straight-run gasoline from the Mid-Continent or the Appalachian | 
districts is not satisfactory; either cracked or ethyl must be added to it. : 

The important point to my mind, which we have not touched on—Mr. Struth 
discusses it in his paper—is the amount of capital invested in marketing facilities. 

We have invested so much capital there that the management demands gallonage. 
They must do something to show the reason for that capital investment, and that is 
the thing that forces this eternal fight for gallonage regardless of price. 

An estimate today of our loss—and by loss I mean economic loss, because no one 
gains by it and many people pay for it—is 50 c. per bbl. on about 2,600,000 bbl. a day. 
The public is not any better off for the few cents a gallon less they pay far the gasoline; 
the industry is worse off. The industry is now receiving about $1,300,000 less a day 
from the public for its products. 


F. J. Fous,{ New York, N. Y.—To what extent will the proposed building of 
gasoline pipe lines, or the proposed conversion of present pipe lines to gasoline carriage, 
cut the cost of delivering gasoline? Are there any figures available? 


* Consulting Engineer. 
+ Consulting Petroleum Engineer. 
t Consulting Oil Geologist. 


ew Lega on the rie versa of lacing According to the rough figures it 
7 ae as if it cut the cost of transporting gasoline from the seaboard to the appr 
& chian Mountain district to about one-third of the cost by rail. 


_ F. J. Fous.—Then there will be other lines, I understand, to the Chicago district? 


W. A. SrnsHemer,* New York, N. Y.—I have read of one gasoline line being 


a proposed to that district. Has anybody here any information on those costs? 


E. R. Luaey,t New York, N. Y.—I have no definite information on the costs. 
I think the estimate of eeacial is somewhat low. It seemed to me that it was 


~ about 40 to 50 per cent. 


There is one point I would like to bring out in answer to Mr. Fohs’ question. 


The line that is being used by the Standard is an oil pipe line, the value of which, or 


the cost of which, has already been well paid for. The whole investment has been 
amortized and it has only junk value. The cost, then, becomes a factor that cannot 
be used in a discussion of the possibilities of constructing a pipe line such as is proposed 
to connect the refineries in the Mid-Continent with Milwaukee. There the situation 
is entirely different. 


W. A. SinsHemmer.—The junk value of that line might be questionable. Of course, 
what has made it a junk line is the fact that crude now is moving principally to the 
Gulf Coast and then around to the Atlantic seaboard by water, but I also under- 
stand that ocean tanker rates have been soaring in recent months, and it might 
be that the use of all-pipe routing through the Mid-Continent to the Atlantic sea- 
board might come in again. 


E. R. Littey.—If that is the case, certain of the companies that have recently 
sold pipe lines to the gas companies are going to feel very sad indeed. 


W. A. StnsHEemmer.—I do not say that it will be the case, but there is that value 
in old crude lines. 


E. R. Liztxy.—I can not conceive of it. 


F. J. Fous.—In his estimate of refining facilities, has Mr. Struth included the new 
plants, such as the Pan American, built and being built in Venezuela or off the Vene- 
zuelan coast? 


H. J. Srruta.—wNo, I have not. 
F. J. Fous.—To what extent will their refining facilities be completed this year? 
H. J. Srrurs.—I am not prepared to answer that question. 


F. J. Fous.—I think, in considering this problem, you have to take into considera- 
tion what imports there would be from such sources, because they will be material. 
I am not sure whether the Gulf Refining Co. has a refinery there also. If not, they 
are importing part of that crude to Port Arthur and refining it. 


H. J. Srrurn.—As I understand it, the Shell company seems to be the biggest 
exporter of gasoline from the Venezuelan coast. 


F. J. Fous.—Another point that seems to me has to be taken into consideration 
in this subject is talking principally about profits from gasoline and from crude. 


* Land and Oil Production Department, Henry L. Doherty & Co. 
+ Associate Professor of Geology, New York University. 
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ee ban. no ee. in prices. ies none of the diser ssion 
taken into consideration, and for the larger refiners the profits from. 
Another point that is important and bears on the whole probl 
be the spread between the price at which the refiner sells and the pri 
retail marketer markets gasoline in this country. That spread is ms 
some districts it is very great, California, forexample. The price of fuel oil, ] 
has been rather high in some portions of this country. 
All these factors ought to be considered. : 
As regards the general situation (of course I am oy ye in the producing + 
of the business and aside from any bias I may have as a result) I believe any attemp : 
to compose the oil situation without material reduction in crude runs to refineri 
and cracking plants, will not make any great change in the present situation. 


ed 
E. R. Littey.—Mr. Struth, in Fig. 4, you use the term, ‘‘ visible gasoline bein a 
Will you tell me what that includes? lidar t te 


H. J. Srrura.—That includes the total actual supply on hand, plus the quantity a > 
of gasoline that is contained in crude stocks. In other words, it includes the potential 
gasoline in crude stocks. If we took all the crude on hand and refined it, we would: 
have that much additional. 


J. E. Pogur.—It does not include the gasoline in the crude potential? 
H. J. Srrura.—No, just the actual crude stocks. 


~ E. R. Littey.—I had interpreted it to be refining capacity, and thought that you 
meant it to indicate the quantity of crude that could be run through the refineries, 
of the quantity of gasoline that could be produced in them. 


H. J. Srrura.—No, it merely shows the potential supply of gasoline available. — 


E. R. Lintry.—I want to go back into ancient history, to that period in the oil 
business when control was most complete, that is, when the Standard organization 
was practically the only large refiner in the business. If there is anything to be 
secured through control, certainly it should have been secured than. Let me read 
these figures. They are figures that were presented in the investigation of the 
Standard Oil Trust in 1907 and 1908. The prices are in cents per gallon. 
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Period of Grae OH of Ketmcpe ineiiiteudeee’ ae 
in Pennsylvania New York Prices 
1863-1872 10.5 37.6 2701 
1873-1882 3.1 12.3 9.2 
1883-1892 1.9 7.4 5.5 
1893-1902 3.0 6.8 3.8 
a ee 


The price of gasoline is following a similar curve, and will continue to do so. In 
the past, the margin between the price of crude oil and the price of gasoline has been 
very high. We are going to have lower prices for gasoline in the future, even if the 
price of crude oil rises somewhat above its present levels. Of course, whether the 
price of crude will rise or not, is an open question. However, we should remember 
that even with low prices for paculing and for crude oil, some profits will be made. For 
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some individuals there will be losses; for others, just enough to balance expenses; 
or some, substantial profits. The class to which any individual belongs depends 


~ 


‘ upon the strength of his organization, and to luck to a certain extent. 
— If we start with the period immediately after the War, we find that we had a gas- 
 oline market far greater than our refining facilities. We had high prices and, in 


consequence, a large margin to work on. The industry kept that margin for a while, 


and then began to cut into it. First, it improved its transportation facilities and then: 


its refining facilities, and, finally, it began to develop cracking equipment on an 
unprecedented scale. As we use more cracking equipment we produce more gasoline 
per barrel, and can afford to reduce that margin between the cost of crude oil and the 
price of gasoline. = 

How long is it going to take before that margin becomes stabilized? I have 


_ . heard a great deal about the overproduction of crude oil. I have heard much about 


the profits of refiners. I think it would be fair to say that refiners have a substantial 
control over the extent of their operations during the past few years, have maintained 
crude prices at levels that were too high. In part, I believe this to be due to the desire 
to assure themselves of a steady supply of crude oil for their profitable refining opera- 
tions. The consequence was that the crude producer, although securing a fair price 
for his product, felt that he was not receiving his full quota of the profits of the oil 
business. To secure this, he went into the refining business. 

Let us look over the list of Mid-Continent and California companies that were 
primarily producers, six or seven years ago. They are practically all in the refining 
business today. They must have outlets. Why did they go into the refining business? 
The answer is evident. The margin between crude and refined was great. It looked 
like a profitable business. Now, that margin has shrunk. Does it not appear that 
the refiner has done as much toward bringing on overproduction as the producer? 

We have heard that cracking is economically desirable as a means of conserving 
oil resources, and as a citizen of the nation I am interested in conservation. As a 
stockholder of an oil company, I am not. Conservation which means attempting to 
use crude oil for purposes that it can be used for successfully 50 years hence, may be 
poor business. The price of crude oil and the price of gasoline and the price of fuel 
oil are all factors that are going to determine whether we crack or not. If the margin 
between crude oil and fuel oil is very slight, cracking facilities are undesirable. We 
have probably not quite reached the point where we have excessive cracking facilities, 
but unless the price of gasoline goes down, or unless the margin between fuel oil and 
gasoline is decreased, we are going to have more cracking facilities than we need, and 
neoe they are built they represent such an enormous investment that they must 


be used. 


M. G. Crenzy,* Coleman, Texas.—Just another producer seeking a ray of hope. 
It seems one may become either cheerful or despondent over the statistics on oil and 
gasoline. If the supply and demand over the past 10 years, or more, are compared 
on a percentage or per-car basis instead of merely total figures, the present situation 
would seem to be highly favorable rather than alarmingly bad. 

I believe I correctly recall data recently published which showed that the average 


w uses about 600 gal. of gasoline annually instead of 450-gal. as of 11 years ago, 
cks of crude and gasoline are 20 per cent. less 
1 was considered worth as much as $3.50 


car no 
and that in spite of this the reserve sto 


per car than 11 years ago, when crude oi 


per barrel. ah 
I wonder if there ever has been a time when there were not many inside locations 


on leases which could be produced and drilled. In other words, we have always had 
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seen ene tecelniey ak ae of cooperating, and th ‘s 
been provided to regulate supply far more than ever belo ae 
The price has been low. si was reduced further eg 


andl diibAbnbsht demand and lack of coghinishest ee =a ne 

runs accordingly. Hence the strong wii ee feRodanse that: these 

— cuts were unjust. en oe ie iss 
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Pachless of Petroleum 


By J. Eumer TuHomas,* Fort Wort, TExas 
(New York Meeting, February, 1930) - 

Tue evolution of the oil business is one of the great industrial romances 
of modern times. First used as a medicine, then as a lubricant, then as an 
illuminant, and finally as a motor fuel, each change in its principal usage 
caused large increases in consumption. 

PRODUCING SUCCESSES 
The producing branch of the industry responded ably to the demands 


~ made upon it. Never was there a famine, rarely any threat of scarcity, 


and stored inventories were gradually accumulated to form comfortable 
working stocks. Originally an erratic and hazardous undertaking, the 
discovery and development of oil fields has made such strides as to classify 
now as a science. ’ 

When storage stocks were low, production in close balance with con- 
sumption, and demand trending sharply upward, considerable concern 
was expressed over future needs. Price was very responsive to fluctua- 
tions in supply under those conditions, and quotations for crude 
and refined oils exhibited wide swings. A very different situation 
exists today. 

Consideration of the statistics only since the war will show how recent 
has been this change. In the 10-year period from 1918 to 1927 inclusive, 
we produced in the United States 6,100,000,000 bbl. of crude and imported 
900,000,000 bbl., our total supply being 7,000,000,000 bbl. The con- 
sumption was 6,600,000,000 bbl., thus adding to stocks 400,000,000 bbl., 
an accumulation of somewhat less than 6 per cent. of the total supply. 

During that period virtually every field was promptly developed as 
soon as discovered and nearly every well in the country was producing 
at full capacity. With the maximum production of the wells required to 
take care of the rapid increases in consumption, with storage stocks 
moderate and proven reserves very slight, the producing division of the 
industry acquired a tempo not needed now. 


PoTENTIAL SURPLUS 
Today the situation is vastly different. The economic consumption 
is about 2,700,000 bbl., with current production slightly in excess of that. 


* Petroleum Analyst, Fenner & Beane. 
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~ the exact amount is unimportant. Rey ~ 


millions of dollars spent for oil leases on areas supposedly favorable for 


There i is an agiionnl potential denies. ho y 
drilled variously estimated at from 1,000, 000 t 
Perhaps the mean between those figures would be closer to the | 


The present potential surplus is ees Lipide but: it is much L 


in drilling operations during the Pact two years. Ro hiaily m the diner 
ate future, there is every indication that many if not most of our rema a 
ing fields will be discovered with great rapidity. Further i increases in our. 
potential overproduction may be expected for some time to come. > ig 
Many years have been spent in learning how to find oil and many — a 


crude production. Now we find that we do not need so much oil so soon. _ “4 
But oil leases are in effect optional drilling contracts and expire withina __ 
few years. Incessant drilling operations are required to test them — 
before expiration. —~ a? 

- Irrespective of the immediate outlook for the industry, this prospect-— 3 
ing will continue at a high rate of activity. No price reduction can be 
severe enough to prevent the exploration for new fields. When discov- 
ered, they will be developed to a sufficient extent to hold the leases. 
Low prices may prevent the operators from selling oil but it will not 
dissuade them from proving up their leases. For these reasons the 
industry obviously faces an extended period of still larger potential 
surplus production. 

This has caused certain nroenand changes in the fundamental econom- 
ics of petroleum, changes so recent that the entire industry is not yet fully 
aware of them, and changes so pronounced that various units interpret 
them in strikingly different ways. For physical and financial reasons, 
methods which were used advantageously in the recent past can no 
longer be applied and different economic practices must be employed. 

Perhaps some theoretical economists would hold that prices now must 
be depressed until profits are eliminated and the excess supply worked off 
at bankrupt levels. Such a waste of an exhaustible, irreplaceable natural 
resource would be unthinkable. If the governmental authorities or the 
public at large were aware of it they would not permit that to occur. 


CoNTROL AND CONSERVATION 


Obviously the situation calls for control and some form of production 
control seems inevitable, regardless of the antagonism of some oil pro- 
ducers, the diffidence of some governmental authorities or the indifference 
of the public. Happily, control and conservation go hand in hand and 
thereby all parties concerned will be benefited, as is readily apparent. 

The producer can hardly exist for long without it. This has been 
demonstrated most forcibly during the past few years when several 
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bonanza pools have been discovered at different times in different parts 
ie of the country, any one of which was sufficient to demoralize the produc- 


ing branch if developed at the former frenzied rate and dumped onto an 
overburdened market. With operations conducted in an orderly, 
businesslike and restrained manner, such development should be 
highly profitable. 

The interest of the government lies in the security of an adequate 
supply for national defense and in the proper utilization of a great natural 
resource. The interest of the public lies in obtaining its petroleum 
products in sufficient amount; over an extended period, and at prices 
neither lowered by wasteful production nor raised by extravagant costs. 

This whole question of conservation should be approached wholly 
upon its merits and completely divorced from considerations of price. 
From the standpoint of the producer, a fair commodity price is possible 
only if production is in reasonable balance with consumption. From 
the standpoint of the consumer, he can enjoy a supply sufficient for his 
needs at a lower price only when unnecessary expenses are eliminated 
from producing, transporting, refining and marketing. 

With this community of interests the government should be on the 
same side and should enforce conservation without the imposition of any 
price restrictions. In such a competitive industry experience has shown 
that the economies of producers are promptly passed on to consumers. In 
the long range view, for the latter to secure the vast supplies they require, 
it is necessary for some one to make a profit, and while lack of control 
would gradually break down weaker units it would not eliminate profits 
from those more fortunately situated. 

The industry has made a magnificent effort towards self-control. It 
is treading new paths in strange territory, but its first attempts have been 
most commendable. There still remains the necessity of making this 
temporary and voluntary control permanent and secure. A better 
balance will be required as between various flush pools in the several 
producing states, but the industry has become conservation-minded and a 
start has been made. The draft upon crude stocks during November was 
no mean achievement. 


MARKETING 


The problems of the producer are too closely involved with those of the 
marketer to consider either independently. Here again is a case of large 
over-production (gasoline), evidently more serious because apparently 
less controllable. The excessive manufacture of gasoline is largely due to 
the overproduction of crude, and a brief review of how it has come about 
will emphasize that relationship. 

As various individuals or corporations developed production in 
important amounts, they became the nucleus for new refining organiza- 
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tions. Originally they may have Riser ae 
refining profit but more recently the impelling ed De 
a market for crude supplies. For most of them the expe nsio 
fined for many years to the icabapeetaais branch, sagas 


success of any manufacturing aitertrits oe deaideuaie toward iaidat 
production in recent years, oddly enough, caused an unsatisfac 
wholesale price for gasoline although retail quotations did much better. 
The next step was to buy, build or conselidate the refining units with | 
bulk and service stations, completing the integration. : (mt | 


SurpLus FILuine STaTIoNs 


Min spite of the phenomenal increase in gasoline consumption, distribu- ' 
ting facilities have been grossly overbuilt. In many cases these retail — 
outlets have been expensive investments for the refiners but ownership or 
control by various contracts and understandings has progressed to the 
point where there is now virtually no open market available for whole- — 
sale gasoline. 

Any unit desirous of expanding its business is therefore compelled to 
extend its own distributing facilities, thus aggravating this unfortu- 
nate condition. 

It has been estimated that 85 per cent. of the gasoline sold in this 
country is marketed direct by the refiners through their owned or con- 
trolled retail outlets. This has almost destroyed the spot market for 
gasoline. Perhaps two-thirds of this refiner-distributed gasoline has been 
manufactured from crude produced by themselves. Thus the posted 
price of crude has become less important except for its waning influence on 
tank-wagon prices. 

All of these recent developments have combined to force the duplica- 
tion of marketing facilities to the point that a normal margin allows fio 
retailing profit. The service stations of one fair-sized city are known to 
market less than an average of 75 gal. daily each. This is probably the 
most serious problem affecting the industry today and its solution may 
prove the most difficult. 


Tue TRADE-MARK 


Much of the blame for this expensive and inefficient system must be 
laid to the trade-mark fetish. There is perhaps less excuse for trade- 
marking gasoline than almost any other commodity so widely used. 
Made by numerous companies with various methods from different 
crudes, the end product is fairly uniform. While there are minor 
differences the essential qualifications of motor fuels are prescribed and 
are universally adopted. 


a ee ee ¥ 


DISCUSSION ' 407 


< In the second place, no company has the facilities to supply the needs 
of a nation-wide public efficiently. Insofar as a company attempts to_ 


spread its sales effort over a wide territory it necessarily duplicates, in 


whole or in part, entirely adequate facilities of others already in existence. 
Excessive selling costs and unnecessary freight charges are the result and 
somebody has to pay the bills. ; 

The adoption of standard national specifications and the elimination 
of trade-marks would permit dispensing with fully half of the present 
dealers. The resultant saving to the public and to the industry would 
be so great that it appears to warrant serious consideration. It may be 
doubted that these highly competitive companies will readily adopt such 
a program. Expensive investments for distributing properties and large 
appropriations for brand advertising have been made. And the mad race 
for gallonage goes merrily on. ie 

Some better method of obtaining efficiency and economy in marketing, 
apart from this question of trade-marks, may be devised, but until it is 
developed the income department of the oil industry will not be in a 
satisfactory position. Control of crude production, now on the horizon, 
would remove the necessity for many of these facilities and consolidations 
may come then. 

CONTROVERSIES 


While the industry and its fundamental economics are undergoing 
such profound changes, many differences of opinion are bound to arise. 
No group of freethinking people ever agreed upon any complicated 
question. Different units are controlled by different interpretations 
of the economic background and the recent sharp controversy over 
crude prices is an example of disagreements which are bound to occur. 
There is very little solidarity among such highly competitive companies. 

The entire industry, however, is rapidly coming into complete accord 
on. the two major problems discussed herein, the utter necessity for 
control of production and the unwarranted duplication of marketing 
facilities, largely caused by the trade-mark. The oil business and its 
able leaders have weathered many storms successfully. They may do 
so again, and soon. 

Petroleum is an essential industry and its profits must be preserved. 


DISCUSSION 


J. B. Umptesy,* Oklahoma City, Okla.—The oil situation has ceased to be gov- 
erned by supply and demand and its destiny for the near future at least has become a 
problem of production control. In other words, the human element has become a 
dominant factor during recent years. There are, however, certain important aspects 
of the situation in which human control has not much latitude. The picture is that 
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it as a great tidal wave piling up and the mi peated 
it be held in check? 

The lease situation is aruceany difficult to control. In 1927 anc 
Mid-Continent, we saw a rapid transition from 5 to 10-year leases, 
that time, curtailment coming in because of overproduction in Seminol y, 
then drilling has been postponed year after year wherever possible. Norma 
old 5-year leases would have been extended, but coming into the picture along 
Seminole was a most remarkable recognition of royalty as a speculative investm 
Within 2 or 3 years the renewal of leases required several, rather than one signa 
From 10 to 100 royalty owners under a desirable tract is not uncommon. Renev 
of leases thus becomes not only much more difficult, but much more costly. What — 
are the consequences? To be specific, I understand that in Kansas one of the com- — 
panies spent $3,000,000 in core-drill and other special investigations. Based on these 
studies 5-year panes were taken on a large number of structures and these lease 
expire in 1930, 1931 and 1932; very few of them have been extended. Development _ 
to date has been encouraging. What are the companies owning those leases” going» +a 
to do? The only way they can possibly protect their investment is to drill, and. it 5 
would seem quite unfair to censure them for doing so. This situation holds on a— 
large amount of potential acreage in the Mid-Continent. It places the burden of a 
solution of overproduction on control after production is found, not on a drill- 
ing moratorium. ~~ 

These facts must be taken into account; meanwhile the tidal wave piles up. 
The solution, as far as I can see it, requires artificial control, and that control neces- 
sitates continued cooperation throughout an industry that has been notorious 
or individualism. 
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E. R. Lintry,* New York, N. Y.—Last year I asked Mr. Thomas a question and 
he can still laugh at me. I eee that the copper situation would eventually 
result in disaster. He is able to show a year of profits to me. I would like to ask him 
one more question, however. 

Mr. Thomas, let us assume that you are in the gasoline business and that you have. 
bought a plot of ground, and that the State Highway Commission changed the road. 
Let us say that you leased the ground, and the new State highway, because of this 
change, goes a mile away. The plot that you have leased is on a side road pas ed 
by three cows.and ten pigs every day; and there is a plot of ground at a good corner 
on the new road. Would you give up the old lease and get a new lease? 


: 


J. E. THoomas.—Yes. = 

EK. R. Lituny.—If you were out in Oklahoma and you were losing money, and*you 
had a number of high-priced leases, would you drill the wells on those leases or would 
you sell those leases for what you could get and go elsewhere where there were cheaper 
leases and more oil available? 


J. E. Tuomas.—I will merely point out to Dr. Lilley the difference between the 
very small, very minor, very narrowing fluctuations in retail merchandising profits, 
and the hots limitless vista of prospecting. My well in Oklahoma may be a good 
well or a bad well, but I will certainly drill the well, as they do, and will, drill such wells. 


E. R. Littey.—The point that I wanted to bring out is this. When you hold a 
lease, a ten-year lease, say, for seven or eight years, without drilling, you certainly 
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10 pet up ach leases and went to California mt procured Gieaber leases have 
_ not been hit so badly. 


J3 M. Loversoy,* New York, N. Y.—I do not think Mr. Thomas’ remarks about 


_ trade-marks were very well thought out; I do not see how the industry: could possibly 

se get away from the use of trade-marks. If the Texas Company is going to sell gasoline, 

it is going to sell Texaco gasoline, and it is not a practical proposition to do away with 
_ its trade-mark. Trade-marks cost money to maintain, I will agree with that. 
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The other statement that Mr. Thomas made, as I recall it, was that conservation 
should be considered entirely divorced from the question of price. I do not agree 


with him on that. If conservation that will either greatly raise or lower the price 


is to be put into effect, it would not be sound either way; therefore in considering the 


_ problem of conservation it must go hand in hand with price. You might not talk 
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about it; they just supplement each other and it cannot be avoided. 

Mr. Thomas is certainly more of an authority on oil stocks than Iam. Every . 
time I buy any they seem to go down. The position today appears to be that oil 
stocks, since the panic this fall, have not recovered, whereas the rest of the market 
has, so a continuation of the curves described by Mr. Bryan would certainly show a 
divergence at thistime. I think the second-grade stocks at least, such as Barnsdall— 
Pure Oil—Mid-Continent class of stocks—are just as low, or practically the same 
price now, as they were at the very lowest stages of the panic. The Standard Oil Co. 
of New Jersey, and some of the other larger ones have recovered a little, but no oil 
stock has recovered in proportion to the steels or utilities and some of the other 
standard stocks. 

Again, I think we have today a peculiar situation in the second-grade companies— 
that they are selling today at a ridiculous value considering their assets. One com- 
pany is selling around $18 per share, and has actual current assets of $15 per share, 
so that its rather wide production and all its properties, which are extensive, represent 
only $3 per share. The reason is that the dividend outlook is not good for that type 
of company. But on the basis of assets there are many companies’ that are selling 
ridiculously low. Any one of us can take a pencil and paper and figure assets probably 
twice what those companies are now being quoted at. 


* Piesident, Petroleum Bond & Share Corpn. 
, 1B, Bryan: Influence of Control in the Oil Industry upon Investment Position 


of Oil Securities. See page 430. 
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Influence of Control in the Oil Industry u 
Position of Oil Securities 


By BarnaBas Baran New York, N. Y. 


(New York Meeting, February, 1930) | 


rect emotion poncertands the eee ee of oil me gas, "established 
what has become the law of the land for the governing of oil production. 
While the decision was ideal for the refining Cae as which was con m- 


influenced by that epauine monopoly. The evidence indicates theds th a 
court accepted the view of the royalty owner and independent 
oil producer. ey 

Throughout the life of the refining monopoly it accepted this ifaw: = 
which was so evidently to its advantage in securing cheap raw material. a 
The same policy continued until the development of the exhaustion _— 
theory and the entry of the various units of the former monopoly into 
the production of crude oil. It is curious that no one doubted the new 
theory of shortage sufficiently to feel the need of changing the law. 
When the theory entered the economic field sufficiently to raise crude 
oil prices beyond justification it shortly disproved itself, but by this 
time the question of split ownership in producing fields made a change 
from legal error to justice too complicated to be undertaken by the 
large companies. Not even the ardent advocate of unit operation 
dared to carry the question to the United States Supreme Court, which __ 
has never been asked to pass on the complete question. 

The impossible position of the producing industry, hemmed in on 
one side by court law compelling wasteful production and on the | other 
by the national law against cooperation, lasted until the demoralization 
of 1927 led to cooperation within a state and under state guidance. 
Since that time control of production has grown with the bringing in 
of each new field and at this time has the active support of the Depart- 
ment of the Interior in such ways as are definitely legal. As in 1875, 
the royalty owner and independent producer are opposing by all pos- 
sible means the rational conduct of the business of producing crude oil. 
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FLUCTUATION IN INVESTMENTS 
The investor in oil securities has not been as badly fooled as has the — 
oil man. himself. Fig. 1 is designed to show the composite regard of all 
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group curves are ihe Standard Statistics Bie a b r 
by the price index of the 405 stocks of the complete index. 
therefore shows the strength of a group in relation to the Senet st 
tion of security values. / ; 

The oil curve shows conclusively that from the year 1920, rales hed 
exhaustion theory reached its greatest acceptance, until the fall of 1927 
the investor continually lost faith in the oils, while since the fall 
1927 he has gained in appreciation of the possible future for the « 
industry. From the fall of 1919 the highs and lows of the relation 
the oils to the market show a declining trend. In other words, the oils 
were in a continual bear market from 1919 to 1927. Since the fall ane A 
1927 the trend of the oils has changed, first to a flattening or constant — a 
relation to the market and later the beginning of a rising series of hide 
and lows about the market averages. ang 

There can be no question of the cause for this change in the per- 
formance of the oil stocks, since its beginning in 1927 correlates exactly 
with the beginning of the correction of the most fundamental difficulty _ 
to be found in the history of oil—the inability to control its raw material — 
in line with demand. This one fact has been the cause of irregular — 
earnings by the good companies since oil was first produced. There — 
has been a succession of periods of oil shortage followed by much longer _ 
periods when new discovery made oil a drug on the market and thus _ 
diminished earnings to the point of eliminating many company dividends. 
In none but the firmly intrenched large integrated companies could 
the investor depend on a continuous income from Oil investments. The 
entire industry was a speculation just because the amount of raw material 
to be available three months hence was a speculation. 


STEADY Supply oF CrupE IMPORTANT j 


If the supply of crude oil could be kept in line with. true demand, 
the earnings of oil companies would be regularly good from year to year. 
It would not require any material advance in prices to make them 
good as new methods decreased costs and markets grew in consuming 
_ power. The price of products would be uniform and earnings capable 
of forecast. Needed replacements and enlargements could be made 
and still leave a much larger percentage of earnings to be paid out as 
dividends. All this could become real if only crude supply could be 
assured but held in restraint to the needs of consumption. 

In the early part of 1927 the crude situation became desperate 
because of the immense production of Seminole County, which was all 
fine crude with very high gasoline content. The little refiner could 
top it in quantity and break the gasoline market. He did just that. 
At the same time new discoveries elsewhere assured a continuous ruinous 
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overproduction of crude oil for several years unless something was done 


about it. In desperation and fear of loss, the standard companies, which 


had lost their long-time transportation advantage through tanker com- 
petition, turned to the idea that crude oil could and must be kept in the 
ground until needed. The company that had been the worst offender at 
Seminole became the most ardent supporter of conservation. The des- 


perate need of such conservation and the sincerity of the effort since its 


inception are shown by the changing trend of the oils in relation to 
other securities from the time of the first tentative agreement at Seminole. 


THREE Factors THat GoveRrN Market AcTION 


From that time the market action of the oil securities has been notable 
for its lack of attention to the field news of overproduction and the dis- 
covery of new fields. It has responded simply to three factors: the condi- 
tion of the gasoline market, the prospects of conservation and the 
elimination of false practices in marketing. The year 1928 was made 


by the gasoline market, which could not have materialized without the 


Seminole agreements in spite of the shortage of cracking installations. 
The market of 1929, with continuous growth of strength in the large 
units of the industry, had no support from the wholesale gasoline situa- 
tion. The industry enters the year 1930 facing a condition of gasoline 
production and storage which has little of hope for the immediate future. 
The strength in the oils has been the reflection of the prospects for con- 
servation, and the development of the code of marketing practices. 


Tur INDEPENDENT OIL PRODUCER 


The fate of the independent oil producer in case of the failure of 
cooperative movements to control production is indicated in Fig. 2. 
For this study three groups of five oils each were selected. The first 
group is made up of Atlantic Refining, Sinclair, Standards of New Jersey 
and California and Texas Co., which are all coastal refiners and well 
integrated companies. The second group is Barnsdall, Continental, 
Philips, Skelly and Mid-Continent, all good large companies, but located 
near the centers of distress gasoline. The third group is composed of 
crude producers and landholders, 7. e., American Republics, Panhandle, 
Maracaibo Oil, Producers & Refiners and Texas Pacific Coal & Oil. The 
high and low average of each group by months is reduced to percentages 
of the low of January, 1927. Then the highs and lows of the second and 
third groups are divided by the highs and lows of the first group. The 
effect is to show the weakness of the second and third groups in relation 
to the first group. 

Since the beginning of 1927, the independent company has been 
losing ground in relation to the integrated company, because of the dis- 
tress gasoline which originates in the centers of overproduction of crude 
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oil. The land speculator was able to keep hrov 
but since that time there has come the re tion that 
pective oil land has ceased to’ be a good inves ‘ment. 
little indication that the trend of the independent company is ch: 
relation to the integrated company. On the contrary, the it 

is that unless the production of crude oil can be put on a business 
the industry will gradually work back to the condition that existed 
1911, when the refiner made the money and the producer was the vict 


Percentage 


Fig. 2.—PRIcE RELATION OF OTHER OILS TO INTEGRATED COMPANIES. 


The independent company, the producer and the royalty owner must 
determine the fate of conservation, and in so doing decide whether they 
wish continuous profit or a continuation of their private bear market. 


DISCUSSION 


J. E. Tuomas, * Fort Worth, Texas.—I would like to call attention to an apparent 
anomaly in Fig. 1, which I take it is due to the fact that the author used Standard 
Statistics, 1926, as an index. You notice that all his lines came together in 1926 i 
In the preparation of the chart I gave in my paper last year! I puoonntercd 
that same difficulty. 

We like to think of the oil business as one of wide variations and great fluctuations 
and yet according to that chart, if you decided that the oil business was going rapidl 
to pot and there was an overproduction or something, instead of selling Standard of 
New York and Sinclair and Marland, you might just as well have sold U. 8. Steel 


* Petroleum Analyst, Fenner & Beane. 
1J. KH. Thomas and M. D. Gould: The Market Price of Oil Securities. Trans 
A.I.M.E., Petroleum Development and Technology (1928-29) 565. 
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’ fA Gonpes or General Electric. _ They went down just at the same time ae 
oe TA the same degree. Secondly, if you decided that the oil business was coming into 


¥ - its own, you could just as well have bought one of the coal stocks or New York 


Central, and the rise was timed at precisely the same month and in exactly the 

_ same degree. 

; If any of you remember the chart I used in my paper last year you will find that 
for five years, 1920 to 1924 inclusive, the market levels of those stocks moved pre- 
cisely together. When I tried to bring that up to date in 1929 I found that Standard 
Statistics were of no use for these indices—the same difficulty Mr. Bryan had; it had a 
scissors effect. So the true relation is not very well shown by that particular chart. 
The point is that if he had used 1918 as his mean, instead of having a scissors effect 
he would have had a wide divergence asin my chart. The oils have not moved down 
in the last 10 years as you would think from looking at that curve; they are pro- 
gressively higher. 

Furthermore, the bull market of 1922, following the 1921 depression, was partici- 
pated in by the oils precisely to the same extent as by the others. I therefore must 
question Mr. Bryan’s statement that the oils have been in a bear market since 1919. 
We had something very much like a bull market from August to November of 1928, 
which I contended in my paper last year was due to the belief of Wall Street that we 
oil men had inaugurated a system of control, which we had. But it was not carried 
far enough, in which I hold that the producer was not to blame; he was deceived by 
the refiner. But this control did manifest itself in the stock market. It still does, 
if you analyze it. If you break up your average of 40 oils, some of them are 60 per 
cent. above the figure of two years ago. Gulf is materially higher than it was two 
years ago, bearing out what I take to be the main point of Mr. Bryan’s paper, that 
the integrated company is the safest investment. In the oil stocks I go a step farther 
than that, and I think that the very large integrated company, with a national if not 
an international geographical integration, is likewise more favorable. 

I have a feeling that if a company has holdings in several parts of the country, or 
of the world, at any given time over a period of years they represent a more stable 
investment than some well-rounded, thoroughly integrated, nicely balanced, soundly 
managed little company in just one area. 
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Production Review for 1929 iran Ye 
By C. P. Watson,* Fort Wortn, Texas ts say iz 
(New York Meeting, February, 1930) as (cA we 


rere’ 

Ir is perhaps significant that a few years ago the sessions held here — 
were chiefly occupied with production. In the last two years these j 
sessions have been concerned with production curtailment, unitization 
and conservation, notwithstanding that production in the United States — 
in 1929 reached a total in excess of 1,000,000,000 barrels. ; “ 

3 A study of the leading exuerelbe units in the United States chow : 
. that Oklahoma, Texas and California in 1929 yielded 84 per cent. of 
the total production from 33.5 per cent. of the total number of producing 
wells. Production in the United States in 1929 showed an increase of 
107,000,000 bbl. over the 1928 figures. 

This increase in itself perhaps is not enough to have caused the serious 
situation that is now confronting the industry. However, taking into 
account the gradual encroachment on the consumption of fuel oil through 
the greater utilization of natural gas, probably we have reached the point. 
in the United States where prices will determine to a large extent,’ in 
1930, the amount that will be produced. : 

In the states of Texas, Oklahoma and California, the most significant 
development of 1929 has been the desire of operators to reach some 
agreement to bring production more or less in control with the estimated 
demand. In November, production in California, particularly in the 
Santa Fe Springs field, was drastically cut to meet a certain requirement. 

- Similarly, in Texas, the Yates field has been developed and has been 
producing under an agreement on the part of the operators; and more 
recently in Oklahoma City, serious efforts have been made to keep produc- ‘ 
tion in line with consumption. 

For the year 1930 we can see nothing in sight except drastic cur- 
tailment. This is a matter that I am sure is occupying the attention 
of all the leaders of the industry. 


4 


* President, Federal Royalties Co., Inc. 
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Chapter XIII. Domestic Production 


Petroleum Production and Development in Kansas during 
1928 and 1929* 


By Cuartes E. Straus{ anp AnTHoNy FouceEr,{ Wicuira, Kansas 


(New York Meeting, February, 1930) 


Kansas produced 38,150,878 bbl. of oil in 1928 and 40,658,170 bbl. 
in 1929, thereby retaining its rank as fourth among the oil-producing 
states of this country. 

Production for 1928 was less than that for 1927 (Fig. 1) because of 
a decrease in the number of completions, but the average initial pro- 
duction per well (Table 1) shows an increase due to the completion of 


TasLE 1.—Kansas Completions and Initial Production, 1920 to 1929, 
Inclusive 


, : 


Total Total Total Total Dry Holes Total Initial | Average Initial 
Year Com- Oil Gas Dry Pan Cent U Production, Production 

pletion | Wells Wells Holes i Bbl. Per Well, Bbl. 
1920 | 3,164 | 2,327 147 690 21.8 181,845 78.1 
1921 | 1,380 909 118 353 25.6 95,789 105.3 
1922 | 1,640 | 1,057 86 497 30.3 74,391 70.4 
1923 | 1,405 807 63 535 38.1 61,372 SAW) 
1924 | 1,125 650 79 396 35.2 92,668 142.5 
1925 | 2,003 | 1,281 86 636 31.7 207,880 162.2 
1926 | 2,338 | 1,458 96 784 33.5 173,664 119.1 
1927 | 1,333 685 79 569 42.8 98,253 143.4 
1928 | 1,157 587 115 455 39.3 101,043 172.1 
1929 | 1,058 553 52 453 42.8 165,611 299.4 


mn 


- wells of comparatively large capacity in the new Valley Center pool of 


Sedgwick County. This increase in average initial production per well 
was further augmented during 1929 by completion of additional wells of 
comparatively large capacity in the Valley Center pool and the new 
Greenwich pool of Sedgwick County. 

Production for 1929 exceeded that for 1928 and threatened to exceed 
all records except that of 1918, however, production was prorated in 


* Sponsored by Kansas Geological Society. 
+ Consulting Geologist and Appraiser. 
t Geologist, Gypsy Oil Co. 

437 


= 


438 PRODUCTION AND DEVELOPMENT IN KANSAS, 1928 anp 1929 


ee, af ‘ta el 
October, 1929, to 50 per cent. of the gross potential by operators In : 
the Valley Center pool resulting in a curtailment of approximately 
10,000 bbl. per day. This proration continued through the balance of the 


year and was applied to other new discoveries in McPherson County. 
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Fig. 1—PETROLEUM PRODUCTION IN Kansas, 1889 
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CENTAGE OF ANNUAL PRODUCTION OF THE UNITED STATES. 


Competitive drilling for flush production in the Valley Center pool 
by the use of rotary equipment, an innovation for Kansas operators, 
hastened development and no doubt accounts for part of the large flush 
production in the new pools of Sedgwick County. Rotary equipment 


To 1929 INCLUSIVE, AND PER- 
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is also being used in the Voshel pool of McPherson County and the State 


Ee _iine pool of Sumner County. 


It is significant of the type of oil encountered that the average 
weighted gravity of Kansas crude was higher than that of any other state 
in the Mid-Continent field during 1929. This fact together with the 
relatively lesser drilling depths at which production is found, better 
operating conditions than found elsewhere, reasonable recoveries per 
acre versus costs, and the large potential areas as yet undeveloped has 
caused the major companies to become extremely active in Kansas; 
practically all of those of the North Mid-Continent area and some from 
the South having offices at Wichita, Kansas. 
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Fig. 2.—PERCENTAGE CONTRIBUTION OF VARIOUS COUNTIES TO Kansas 1929 prrro- 
LEUM PRODUCTION. 


Wildcatting was at its height for Kansas about the middle of the year 
1929. There were approximately 50 counties active, 40 of which are in 
Central and Western Kansas. Sedgwick County led in drilling opera- 
tions, Greenwood ranked second and Butler third. 

Fig. 2 shows the rank of the producing counties for 1929. Greenwood 
led in production for 1927 and 1928, with Butler ranking second and 
Sumner third. Sedgwick County which ranked second for 1929 would 
have been first had it not been for proration in the Valley Center pool. 

The principal producing pools were the Churchill-Oxford of Eastern 
Sumner County for 1928 and the Valley Center pool of Sedgwick County 
for 1929. Approximately one-fifth of the total production of the state 
came from the latter during 1929. 

For detailed consideration of development, the state is divided into 
Eastern and Western Kansas, the latter comprising all those counties 


Lake aa of Miami County in LT. 16 R. 24 E; a ae ) 
Upper Bartlesville sand pool centered about sec. 4, T. 21 o* ne 


located in the aes vive part of T2284 R. 22 E. ey the pete Yo 
part of T. 22 S., R. 23 E., Linn County; and the development. of t the 
shale gas in Miami and Johnson counties. : 

During 1929 Bartlesville sand oil and gas pools similar to that deve 
oped in 1927 were again opened in T. 22 S., R. 21 E. and in T. 21 § 
R. 21 E., Anderson County; a new pool was developed in T. 17 8. Rs 2 
E., Miami County; a new Bartlesville sand gas pool opened in T.175S., _ 
R. 20 E., Franklin County; and a gas pool was developed in the Bush — , 
City sand in T. 21S., R. 21 E., of Anderson and Linn counties. be 

Shale gas was further developed during 1929 in Miami and Johnson 
counties and adjacent parts of Missouri, that on the Fairfax Airport at 
Kansas City being of considerable importance; the wells having an open 
flow capacity up to 1,500,000 cu. ft. at depths ranging from 340 to 
370 feet. 

Table 2 gives such details as are available concerning these 
developments. 


TaBLE 2.—Development and New Discoveries in Northeastern Kansas 


~) 
Shoestring Area 4 
; 
Initial 
Devel- Sand el 
: Depth ‘ Produc- Wells ‘ 
County Location op Producing Range, or tion, Cu. Grey: | renduet 
ment Sand Ft ness, Ft ity é 
Period 3 Ft. eS ADE. 
Bbl. 
Johnson. .| Fairfax 1929 340 to 370 1,000,000 to | Gas 14 
Airport 1,500,000 
Miami ...| 29 to 14-16-24 1927 
to 1928) Big Lake 325 to 400 20 to 250 
Miami ...| 6-17-25 1929 | Big Lake 375 to 400 15 
Miami ...| 1-17-23 1929 418 25 gas and oil 34° 3} 
Tannen. « ee 14, 23, 26-21-21 | 1929 | Bush City [570 to 620 50 1,000,000 Gas 35 
Anderson.| 15, 22-21-21 Oil sand 
Linn s).30 N. E, 22-22 1927 | Lower 650 to 700 250,000 to Gas 75 
W. 22-23 to 1928) Cherokee 4,500,000 
Upper 
Anderson.| About 4-21-21 1928 | Bartlesville 700 0 to 50 10 to 75 34° 35 
Anderson.; 9, 16, 21-22-21 1929 | Bartlesville |715 to 750 25 120 12 
Anderson.| 10, 15-21-21 1929 | Bartlesville |650to 750} 40 100 to 200 33° 30 
Franklin .| 6-17-20 1929 | Bartlesville |720 to 760 1,000,000 Gas 12 
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Southeastern Kansas.—The pana Peon ont ) 
in Southeastern Kansas were: the Oswego shale, Bartlesv: 
Mississippi lime gas pools in T. 32 S.,R. 19 E., T. 33 and 345S., R 
19 E.; T. 32S., R. 17 and 18 E., Labetes Coane the extension of 
Barlow oil fook mT, 23°8:;, R. 21 E., Bourbon County; the conti > 
development of the Peru sand oil pool in T. 33 S., R. 12 E. , Chautaqua = 
County; and the discovery and development, of the Mississippi lime — " 
pool of the Moline town site, Elk County. . : 

Table 3 gives such details as are available relative to ites develop- 7 
ments and others of minor importance. ™“' 


: 


Marion County 


Lost Springs Field——The area in T. 17 58., R. 4 E., centering around 
the Lost Springs town site, reached its peak in development and production 
during the first half of 1928. Thirty producers had been added to the 
six completed in 1927, giving a maximum daily average of 2035bbl. Since : 
that time production has been steadily declining and in December, 1929, j 
averaged 633 bbl. The field produced 530,024 bbl. in 1928 and 299,815 
bbl. in 1929. ; 

Oil production from the field is confined to irregularly eroded residual 
cherts of the Mississippi lime found at about 2400 ft. The penetration 
of the producing ‘‘chat”’ varies from practically nothing to 70 ft. Several 
tests have been carried to the ‘‘Siliceous”’ lime in the township and have 
been uniformly water-bearing. 

Hillsboro Field.—In September, 1928, a well in sec. 7, T.198., R.3 E.. 
was completed in the chat at the top of the Mississippi lime with an 
initial production of 8,250,00 cu. ft. of gas and 162 bbl. of oil of 42° 
gravity at a depth of 2425 to 2458 ft. The three offsets were dry and 
one of them was immediately carried to the Ordovician where oil of 34° 
gravity was found in the upper 20 ft. of a dolomitic lime at a depth of 
approximately 2800 ft. Fifteen producers have been completed in this 
dolomitic lime to date with an initial production ranging from 75 to 
400 bbl. 

The pool attained a daily average production of 1188 bbl. in August 
1929, and produced 256,038 bbl. during the year. Its discovery was aie 
to the previous finding of a favorable structure by core drilling. 

Area North of Marion County—During 1928 a brisk wildcatting 
campaign was carried on in Dickenson and Western Morris counties 
with the object of uncovering chat production of the Lost Springs 
type. Frequent shows of oil in the top of the chat were encountered 
and one small producer in sec. 30, T. 17 8., R. 5 E. Riley, Clay and 
Geary counties were on the outside fringe of ie activity, and in ee 21, 
T.9.5., R. 4 EK. a well good for 60 bbl. of 31° gravity oil was completed 
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and is of interest chiefly because it indicates that chat pools may 
eventually be found in this general area. fev i 

Four gas wells were completed in sec. 10, 15 and 16, T.168., R. 7 E., 
Morris County at a depth of approximately 500 ft. with volumes up to 
1,000,000 cu. ft. A shallow gas sand at. approximately 490 ft. is also 
producing in sec. 21, T.17S.,R.7 EB. . 


Lyon and Chase Counties 


In July, 1929, a 400-bbl. well was completed in NW. of SW. sec. 19, 
T. 208., R. 10 E. at a depth of 2175 to 2240 ft., extending the Bartlesville 
sand trend of southwestern Lyon County three-fourths of a mile. 
A 25-bbl. offset was completed across the line in Chase County. A small 
producer in NE. of SE. sec. 30, T. 20 S., R. 10 E. was also encountered 
in the same trend at a depth of 2304 to 2385 feet. 


Greenwood County 


Lamont Pool.—This pool discovered in 1927, was developed rapidly 
during 1928 and 1929 and now extends ina northwest southeast direction 
for 3 miles through sec. 23, 24, 26, 25, T. 228., R. 12 E., sec. 29, 30, 32, T. 
22 S., R. 13 E., adjacent to and partly including the town site of Lamont. 
Over 100 producing wells have been drilled having an average initial 
production of 300 bbl. of 40° gravity oil found in a Bartlesville sand 
trend at depths of approximately 1650 ft. The pool had a daily 
average of 4330 bbl. and produced 1,579,000 bbl. during 1928. Expected 
recovery per acre is 7000 barrels. 

Norton Pool.—The Norton pool, discovered in April, 1929, is located in 
sec. 15 and 22, T. 22 S., R. 12 E., and appears to be a connecting 
link in a sand trend between the producing Bartlesville area north- 
east of Madison and the Lamont pool. Nine producing wells with an 
average initial production of 109 bbl. of 41° gravity oil have been com- 
pleted in the Bartlesville sand found at depths slightly in excess of 1700 
ft. Water is present in the lower part of the sand body and is significant 
in that the ultimate recovery will probably be low. 

Demalorie-Souder Extension —During 1928 four additional Bartles- 
ville sand wells were completed in the west extension of this important 
pool with initial production of approximately 150 bbl. each at depths of 
9150 ft. Explorations to further extend the pool have failed. 

Edwards Extension.—Efforts to extend the Edwards pool, located in - 
T. 23 S., R. 11 E., were only partly successful in 1928, however, during 
1929, 33 producing wells were completed in sec. 21, 22, 27 and 28 with an 
average initial production of 304 bbl. of 42° gravity oil. As with most 
of the important pools of Greenwood County production is from the 
Bartlesville sand, found at a depth of about 1900 ft. in this area. This 


which attains a shicciers & 90 ft., the | isin atria st the pro 
and the possibility that it may oan with the Patterson pool t 
southeast. An ultimate yield of 7000 bbl. per acre may be expected. © 
Patterson Pool.—This pool was opened by the discovery of Bartlesville 
production at a depth of about 1765 to 1837 ft. in a well located in sec. < . 
36, T. 23 8., R. 11 E. near Hamilton and has recently been extended into 
sec. 1, T. 24 8.,R.11E. Ten wells have been completed with anaverage __ 
initial reodueneon of 357 bbl. of 41° gravity oil. A recovery of 7000 bbl. — 
per acre may be expected. %. 
Quincy and Hoggett Pools—Just east of the town of Quiney it in T. ; 
25 S., R. 13 E. Bartlesville sand production was discovered in November, ~ ’ 
1927, which was thought to have excellent possibilities, but efforts during __ 
1928 resulted in the completion of only seven producers and an equal 
number of dry holes. The sand was found at a depth of about 1400 ft. 
The oil is of 38° gravity and recovery will not exceed 2500 bbl. per acre. 
Near Quincy in sec. 9, T. 25 S., R. 13 E. a Bartlesville sand well 
- was completed, in July, 1929, with an initial production of 50 bbl. of 37° 
gravity oil, and at a total depth of 1535 ft. Ten wells have been com- 
pleted with an average initial production of 102 bbl. The decline has 
been rapid. 

Miscellaneous.—During 1928 several wells were boii in what is 
locally known as the “Cattlemen’s sand,” at about the Bartlesville 
horizon and at a depth of 2200 ft. in sec. 6, T. 25 S., R. 9 E., Olsen pool. 
A few wells were completed as producers from the Mississippi lime at 
depths of about 1600 ft. in the Virgil area of eastern Greenwood County 
during 1929. 


\” 2 =o oe 


ee 


Butler County 


Haverhill Pool.—This field was discovered in April, 1927, and has 
received continued development during 1928 and 1929. Twenty-four 
producing wells were completed in 1928 with an average initial production 
of 198 bbl. and 29 in 1929 with an average initial of 126 bbl., making a 
total of 45 wells. The field is at present 3 miles long trending through 
sec. 22, 27, 34, T. 27 8., R. 5 E., and is one-fourth to one-half mile in 
width. The oil is 40° gravity and is found in a Bartlesville sand trend 
at a depth of approximately 2700 ft. Recovery will be approximately 
4000 bbl. per acre. 

Sluss Pool.—This narrow Bartlesville sand trend located in sec. 5, 6, 
T. 278., R. 6 E., was discovered in March, 1928. At the end of the year 
there were about 25 wells, which had initial productions of 200 to 500 bbl. 
of 39° oil. The Bartlesville is at a depth of about 2700 ft. By the end of 
1928 the pool had produced 490,000 bbl. but during 1929 declined rapidly 
due to close drilling. Five othier wells were completed during 1929. The 
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recovery is expected to exceed 7000 bbl. per acre. ‘Two wells have been 


_ completed in the Viola lime of Ordovician age. 


Shaffer Pool.—Development in this pool located in sec. 3, 4, 8, 9, 10, T. 
27 S., R. 6 E. was carried forward into sec. 8. 9, 10 during 1928. Fifteen 


wells were completed in the Viola lime (Ordovician) at a depth of about 


3150 ft. with initial averaging 150 bbl. Five others were completed dur- 
ing 1929 in the Viola averaging 67 bbl. and four in the top of the Missis- 
sippi at a depth of about 2750 ft., averaging 54 bbl. Most of the Viola 
lime wells showed considerable oil in the top of the Mississippi. The 
gravity is 36° and the recovery is expected to exceed 7000 bbl. per acre. 

Eldorado Field—Almost 100 wells were completed during 1928 in the 
650-ft.’ sand (Admire) of the Eldorado field in sec. 19, 20, 30 T. 255., 
R. 5 E., averaging 20 bbl. initial of 36° gravity oil. During 1929 in the 
above sections and in sec. 24, 25, 36, T. 25 S., R. 4 E., about 75 others 
were completed with an average initial of 25 bbl. Recovery is expected 
to be approximately 2000 bbl. per acre. 

Development of the deep pay in the Eldorado field was carried on by 
the completion of 25 wells in sec. 18, 19, 20 T. 26 S., R. 5 E. foranaverage 
initial production of 130 bbl. of 35° gravity oil from the Viola and “Wilcox” 
sand at approximately 2600 ft. on inside proven areas. Recovery of 7000 
bbl. per acre is expected from these wells. 

Miscellaneous Discoveries.—During 1928, several Mississippi chat 
wells were completed in the vicinity of the Pierce discovery well located 
in sec. 28, T. 25 S., R. 4 E. with initial production of about 50 bbl. of 43° 
gravity oil at a depth of about 2600 feet. 

Chat production was also encountered at a depth of 2765 ft. near 
Benton in sec. 10, T. 26 S., R. 3E. The discovery well had an initial 
production of 450 bbl., but the offsets were practically dry and one tested 
the Ordovician series below without securing production. 

What was thought to be an important discovery well was completed 
during 1929 in sec. 24, T. 278., R. 4 E. asa 210-bbl. producer of 41° 
gravity oil from the Wilcox sand found at a depth of 3012 to 3022 ft. 
The offsets were smaller wells and efforts to extend the producing area 
have failed beyond a quarter mile. 

Cowley County 

The most important development in 1928 took place in ‘the State 
Home pool adjoining Winfield on the north and located in sec. 9, 10, 15, 
16, 22;'T.328., R.4H.. Ten wells were producing from the Layton sand 
(2300-ft. sand) during 1928, but four of these were deepened to lower 
sands which are the Bartlesville (Rainbow Bend sand) found at a depth 
of about 3000 ft., and the Siliceous lime (Ordovician) at about 3300 
ft. Development of the pool’ continued during 1929 and good wells 
were completed in the Siliceous lime but the pool is now defined. 


“TN 218s R. 5B. during 1929. ay 
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a ana of ae 3050 ft, was toate a unter 


initial irdaneioa of 25 to 200 bbl. ; pany in sec. 20 a are call ie, 
from the same sand was anadenteied at about 2900 ft. A gas well 
estimated to have an open flow of 40,000,000 cu. ft. at 1640 ft. and 68,000,- = 
000 cu. ft. at 2215 ft. was encountered in the NE. corner of the same __ 
section, but has been ‘‘mudded off” to test lower sands for oil. Another re 
well has since been drilled in the center of the same 40-acre tract, the _ 
first gas missed, but about 16,500,000 cu. ft. was encountered in the 5 d 
2200-ft. sand with a rock pressure of about 800 pounds. — 

In sec. 18, T. 30S., R. 5 E. a Bartlesville sand well was completed nt a 
depth of 2850 to 2900 ft. with an initial production of 100 bbl. This 
well is northeast of the old Rock pool. 

Development of the helium gas areas in the vicinity of Dexter con- 
tinued during 1928 and 1929, the wells having open-flow capacities up to 
500, 000 cu. ft., containing 2 per cent. helium. 


WESTERN KANSAS r 
Between Jan. 1, 1924 and Dec. 31, 1929, the recovery of oil from west- 
ern Kansas has been 17,186,965 bbl. from 13 counties. Eleven of these 7 


counties are now actively producing. The per county recovery has rs 
been as follows: 


‘ Age of 
; County BBL of Walls | Paedastion 
ears 
| 
Sedgwick (ranges West). .- 7.0% ..07.20%. J, et. Se gaeOeene ale 2 
Russell s.0.2 03208. 0) SQ. Baas ee ae + 7,025,211 158 6 
Rice? griiinut a. Ga tered eee 1,660,144 28 6 
MiePhersoris:.’5).'55i2-s.i0'2 vt Tee eee 490,145 20 2 
Sumner ‘(ranges West)sh7.an..c a eet eee 389,972 11 3 
Nis 5 5,055, Hive oh Salahomey ain eas Bh eee 69,222 7 1 
POQOUS toed bo oes gto a hen oi bdarods QO aye ts areca a el 57,187 4 3 
Reno, evr ate ara a ee a ee 33,121. 1 3 
Kingman (abandoned in 1927)................... 27,000 1 2 
TRELO. cy os ono ete een eee Se an ah Eo 8,004 il 1 
Edwards. i) 202. 7) SS, Be 3,177 1 1 
Ness... «si Pagina ok peat in are So 1,660 1 1 
Harvey (abandoned in 1929).,.................+. 1,301 1 1 
: 17,186,965 | 347 
anne ene seen Se eri etl 


* Includes all of Valley Center field. 


ia 


as ‘During 1928, 2,127,178 bbl. of oil were produced in western Kansas 


i 


thd as against 1,703,005 bbl. in 1927. The annual production in 1929 was 
a 9,608,402 bbl. The cause of this increase was chiefly the Valley Center 
field of Sedgwick County. ’ 


The oil produced in western Kansas is derived from eight horizons. 
The age of these horizons, together with the total amount of oil recovered 


- from each, appears in the following table: 


oe ee ee, ane 


Age of 
Producing Horizon Prodan. | Cage ose | NPN! pehetton, 
Years 
Simpson dolomite.................| 7,418,474) Ordovician 112 2 
Oswald BOMes Ae alts + terre chalet 6,359,322; Pennsylvanian {5k 6 
Mississippi lime................-. 2,099,428] Mississippian 45 6 
Pennsylvanian basal conglomerate. . 753,419} Pennsylvanian 19 2 
NCO SANG. cdarsinesis cess ane ean oi 378,598) Ordovician ti 2 
Kansas City formation............ 111,454| Pennsylvanian 9 3 
STITCEOUS WINE foods, iro ange ROME 63,210) Ordovician 6 1 
WO lamin = ee skiecat et ae cus res | 3,060} Ordovician 1 1 
17,186,965 
I ee ee ee ees errs iG 


The total volume of gas produced in western Kansas to the close of 
1929 has been 10,741,078,000* cu. ft., from the following five horizons: 


NS an ee ee 


Year Year of 


; : Production, Numb : 
ne aaa ‘Cu Fh a of Wells | .c0itg | Production 
Mississippi lime....... 8,713,226,000 | Mississippian 18 1926 1927 
Pennsylvanian basal 
conglomerate....... 884,853,500 | Pennsylvanian Uf 1927 1929 


Howard lime and 


Severy shale....... 665,054,000 | Pennsylvanian 4 1928 1928 
Topeka limef.....--.. 477,945,000 | Pennsylvanian 3 1927 1927 
Chase formation...... Permian 4 1922 1929 


wee 


A complete record of the production of oil in western Kansas during 
1928 and 1929 appears in Table 4. A summary of its oil and gas develop- 
ment from January, 1924, to Dec. 31, 1929, will be found in Table 5. 
This summary presents a record of every locality in western Kansas 
which is producing, or has produced, oil or gas in commercial quantities. 

Development.—A total of 900 wells, drilled for oil or gas, have been 


- completed in western Kansas, ranges 1 to 43 West, to the close of 1929. 


* Total incomplete. 
+ No production during 1929. 


a = phi ced 


Te" 


rae 


per. gent of the total 
from 29 fields of which 27 are produci ga 
Gas has been found in 12 localities, of v ; 
end of the year. The relationship betiveent Feetoe 
holes during the last three years is as follows: 


Tasiu 4.—Petroleum Production by Fields in Western Kansas, R 


1 to 43 West, 1928 and 1929 


Fields 


Produc- | Produc- 
Fields loos, | 1929, 
Bbl. Bbl. 
Russell County: 
Maimportin.t ee see oe 617,314; 501,365 
South Fairport........... 72,319| 256,790 
North Fairport.....:.... 4,756 20,954 
Gorham.. MINS hie Sot 571,442) 462,823 
North Goflent. ES oes Prat 7,314 8,476 
Susanks aoe era 27,910 
Ochs leases.c0 s.-es 4,126 
Dotals etic so cece 1,273,145) 1,282,444 
Ellis County: 
MWocementOcn acs pe eiutieee 23,697 
INorths Bliai nce cssaaeens 45,525 
SDOURIEI pet om tea tielt rier 69,222 
TregoiCountya<.en oot eae 8,004 
Rooks'Countyo).5. =... .. 25,102 24,256 
Ness (County) cyaccceene ut 1,660 
‘Edwards County.......... 3,177 
Rice County: 
Wielohia.csarons ere 446,202} 279,373 
Schurr'lease..: 0... ..ss> 11,490 
MORAL sic tint cer akrierds 446,202} 290,863 


Reno County- sack oe ee eae 
McPherson County: 
MeoPherson.4 5.20.0 sees 


Sumner County: 
Love and Latta lease..... 
Jewel Douglas lease.... . 


Sedgwick County: 
Valley Center........... 
Cross lease.............. 


To28, 
Bbl. 


ere is 


8,136 
28,552| 67,585. 
315,333 
70,857 
7,818 
28,552| 461,593 
1,301 
22,438] 45,188 
21,270 3,417 
286,114 
3,185 
43,708} 337,904 
302,333| 7,105,110 — 
2,347 
11,031 
302,333] 7,118,488 
2,127,178) 9,608,402 


SS EES 


Western Kansas DevELOPpMENT, RANGES 1 To 43 WEstT 
a ee eee 


1927 1928 1929* 
Loftalikconapletionss, ates. met. tye eri aacre rae 6 117 106 277 
CON VOUS ale ech at ahs DN, a em aS ee 30 36 122 
Gas “Wells. aoe camae hac Ee ee etek ares 6 22 13 
Total’ oil and’ pas wellay, Siesta ee 36 58 135 
Dry Holest/> .i2 7273 eee ae 81 48 142 
Percentage of producing wells to total com- 
Pletions 0353), Oe See ee 30 54 48 


Grand Total, 
1905 to 1929 


900 
300 

45 
345 
555 


38 


SC OS -T- 
*The figures for 1929 do not include those wells completed in sec. 6 and sales 
26 8., R. 1 E., of the Valley Center field. 


aie The only counties receiving special discussion here will be those in 
which the discovery of oil during the 1928-1929 period has been of great- 
est economic significance. For a complete summary of the oil and gas 
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produced in western Kansas to the close of 1927 the reader is referred to 


an article by L. W. Kesler.!. All information relative to oil and gas wells, 


completed in western Kansas during 1928 and 1929, and not included in 
the following county discussion, appears in Tables 4 and 5. 


Ellis County 


Commercial production was first found in Ellis County during 1928 by 
Phillips Petroleum Co. in its No. 1 Shutts, in the center NE. 14 of sec. 5, 
T.12S., R. 17 W., from 3569 to 3575 ft. The top of the ‘‘Oswald”’ lime 
was reached at 3331 ft., so that the producing horizon is 238 ft. below the 
top of the Oswald lime and occurs in the top of the Siliceous lime. 
The well was completed in the early part of December, 1928, and a 17-hr. 
gage yielded 205 bbl. of oil, or at the rate of 290 bbl. per day. The gravity 
is 33.5° Bé. at 64° F. No oil showings were encountered in the 
Oswald series. 

North Ellis Field-—The discovery well of this field, Phillips Petroleum 
Co. No. 1 Shutts, in sec. 5, T. 128., R. 17 W., was completed in Decem- 
ber, 1928. The details of its initial production appear above. Following 
are the wells comprising the field, listed order of completion: 


SS See 


Name Location Status Pay, Ft. Producing Horizon 


Phillips Petroleum Co., 


No. 1 Shutts....-2... Sy orl. le hay tee Le We Producing |3569 to 3575) Siliceous lime 
Burgher Oil Co., No. 1 
FIA doy... say tue ie S,20, T.118.,R.17 W.| Shut in 3428 to 3440| Pennsylvanian basal 
conglomerate 
Phillips Petroleum Co., 
Nong Shuttle.) citer < 8. 5, T.12S.,, R.17 W.| Producing [3635 to 3638| Siliceous lime 
Phillips Petroleum Co., 
INOS Lb Weigel.: S220 < Soo Theiss, Re Lie W. Producing |3683 to 3686 Pennsylvanian basal 


conglomerate 


Phillips Petroleum Co., 
No. 1 Schmeidler.....| S. 20, T. 12 Soy its ba Vie Abandoned None 


peewee ee 
Despite the fact that as much as 3 miles separates some of these wells, 
they are all situated on the same line of folding and are, at least for the 
present, considered as forming one field. Production is found in the 
Siliceous lime and Pennsylvanian basal conglomerate. The wells 
have an initial production of 300 bbl. of 32° Bé. oil. Actual producing 
of the North Ellis field did not commence until July, 1929, and in 6 
months it has yielded 45,525 bbl. from three wells. The amount of 
Siliceous lime production has been 43,132 barrels. 


1]. W. Kesler: Oil and Gas Resources of Kansas in 1927. Min. Resources Circ. 
1, State Geol. Survey of Kansas, 29, No. 11, 31. 
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Yocemento Field.—On June 17, 1929, Phillips Petroleum Co. completed 


3 ‘its No. 1 Sophus Johnson in the SW. corner NE. 14 of sec. 9, T. 13 S., R. 
19 W., for an initial production of 480 bbl. of oil from 3592 to 3597 ft., 


and occurring 132 ft. below the top of the Oswald lime. Subsequently 


the well was deepened to 3684 ft. and penetrated the top of the Penn- 


sylvanian basal conglomerate, 200 ft. below the top of the Oswald 
lime. No further oil horizons were found and the well was plugged 
back. A total of four wells have been drilled around the center of sec. 
9 and all have been productive. The producing horizon is the 132- 
ft. pay of the Oswald series of Lansing-Kansas City age. This pay is 
not present in the Fairport field of Russell County.” 


McPherson County 


McPherson County has been one of the most active areas in western 
Kansas during the 1928-1929 period. At the close of 1927 there had 
been developed but one gas field containing three wells. By the end of 
1929 there were five gas and oil fields with 37 producing wells. 

The wells in the Voshell field are at the present time prorated to 50 
bbl. per day. Should this proration plan fail to be continued during 
1930, it will be a factor in overproduction. 

All of the fields in McPherson County, with the exception of the 
McPherson field, were defined by core drilling prior to development. 

McPherson Gas and Oil Field-—The McPherson field, discovered in 
September, 1926, is situated in sec. 29, 30, 81. and 32, T. 18.8., R.. 2 W. 
Production is found in a triangular-shaped area, 2 miles wide and 1 mile 
long. The producing wells are all south of the apex; northward, no wells 
have been drilled. The oil wells are located on the southwest and south- 
east flank of the dome and some of them are the lowest wells, structurally, 
in the field. As developed on top of the Mississippi lime, the McPherson 
field has in excess of 100 ft. of closure. The top of the Mississippi lime 
varies in depth from 2855 to 2973 feet. 

The gas production occurs in the top of the Mississippi lime. Thir- 
teen gas wells have been completed. The thickness of lime penetrated 
in the producing wells varies from 22 to 50 ft. The initial production of 
gas ranges from 4,500,000 to 20,000,000 cu. ft. and averages 10,000,000 
cu. ft. The amount of gas is not controlled by the structural position 
of the well on the dome. The vertical range, structurally, of gas produc- 
tion is 66 ft., and the lowest producing gas well is 106 ft. down the flanks. 
The immediate apex of the dome is barren of gas and oil, and the highest 
gas well is 41 ft. structurally lower than the apical well. 

The oil production occurs in the top 50 ft. of the Mississippi lime. 
The oil wells comprise the extreme southwest and southeast producing 
wells in the field. The vertical range, structurally, of oil production is 


pms 21. W. Kesler: Op. cit., 39, Table 7. 


SS 


welLt The initial production varies sini 80 ta 335 : bbl ead ins som 


the amount of water produced wih the oil is equal to, or exeeedsy Pf sae a 


oil production. | 2 

Voshell Oil Field. —The Voshell field is located. in sec. 9 and 10, 3 T. ree 
21 S., R. 3 W. Its discovery was the most important development in. 3 
western Kansas during 1929. The discovery well, Washabaugh et al. E 
No. 1 Voshell (later purchased by W. C. McBride, Inc.) is located in the 
NE. corner of sec. 9, T..21 S., R. 3 W., and was completed in August, 
1929, at a total depth of 3304 ft., for an initial production of 40 bbl. 
The producing horizon, 3301 to 3304 ft.,is the Viola limestone. Mechan- 
ical difficulties in drilling in this well ee prevented it from ever being 
of much commercial importance. All of the five wells completed by the 
end of 1929 are situated on the eastern flank of the structure, and at the 
present time of writing (January, 1930), the field i is producing i in excess 
of 100 ft. structurally down the east flank. 

The most interesting well so far completed is the structurally highest 
well, Mid-Kansas Oil & Gas Co. No. 1 Voshell, NE. corner, NW. 14 
NE. 14 of sec. 9, T. 21 S., R. 3 W. This well produces oil from the 


.Misner sand (3192 to 3224 ft.) and from the Wilcox sand (3374 to 


3386 ft., total depth). Viola limestone separates these two horizons. 
In no other well has the Misner sand been found. 

Proration is in force at the present time and the wells are prorated 
to 50 bbl. per day. The field is now (January, 1930) one-half mile wide 
and 1 mile in length. No dry holes have been drilled, so the limits of 
the field are wholly undefined. The principal producing horizon is the 
Wilcox sand of Ordovician age, but oil is also obtained from the Misner 
sand (Mississippian) and from the Viola limestone (Ordovician). 

Ritz Oil Field—The Ritz field is located in sec. 1 and 12, T. 20 S., 
R.2 W. It is essentially an oil field, although the discovery well yielded 
gas. This well, McPherson Oil & Gas Co. No. 1 Wedel, center SW. 14 of 
sec. 12, T. 20 S., R. 2 W., was completed on De. 28, 1928 and 
encountered 6,500,000 ou! it. of gas from 2972 to 2983 ft. i the upper 
on of the Mississippi lime. During 1929 it yielded 195,644,000 cu. ft. 
of gas. 

Subsequently seven oil wells have been brought in. The depth to the 
top of the Mississippi lime ranges from 2925 to 2960 ft. The oil is 
produced in the top 51 ft. of the Mississippi lime and the pay zone 
averages 40 ft. below the top. Gravity of the oil varies from 34 to 38° 
Bé. The initial production of these wells ranged from 1500 to 35,000 
bbl. for the first week. The field is about 2 miles long and cet nate 
mile wide. It is wholly undefined and no dry holes have been drilled. 


* Wells have been completed in the W. 14 of W. 1 of sec. IG 2s. R. 3 W., 
during January, 1930. 
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Up to the end of 1929 the seven wells produced 315,333 bbl. of oil and 


75,320 bbl. of water. This percentage of water is 24 per cent. 


Galva Gas Field —The Galva gas field is located in sec. 11, T. 195., R. 


2 W. The discovery well, McPherson Oil & Gas Co. No. 1 Decker, 
center SE. 14 of sec. 11, T. 19 S., R. 2 W., was completed during July, 


1929, for 18,000,000 cu. ft. of gas from 2892 to 2914 ft., 7 ft. below the top 
of the Mississippi lime. Two additional gas wells have been drilled, 
of which the largest yielded, initially, 30,000,000 cu. ft. of gas. The 
limits of the field are undefined. 

Grattin Lease —On Oct. 28, 1929, Slick, Pryor and Lockhart completed 
their No. 1 Grattin in the NE. corner NW. 14 NW. 14 of sec. 34, T. 208., 
R. 3 W., at a total depth of 3108 ft., for an initial production of 256 bbl. 
of 36° Bé. oil. - Production was obtained from 3093 to 3098 ft. in the 
Mississippi lime, the top of which was penetrated at 3055 ft. The 
peak production was 350 bbl. on Nov. 9, 1929. 


Ness County 


The most westerly production of oil in western Kansas was found in 
October, 1929, by the Continental Oil Co. in its No. 1 Aldrich in the NE. 
corner SE. 14 of sec. 17, T. 18 S., R. 25 W. The Oswald series was 
penetrated at 3855 ft. Production was encountered 573 ft. below the 
top of the Oswald lime from 4428 to 4430 ft. in a dolomite at the top 
of the Siliceous lime. The gravity is 33° Bé. During a 6-day official 
pumping test the well made 910 bbl. of oil and 9 bailers of water. The 
well was pumped but 4-days in November and 9 days in December and 
yielded a total, during these two months, of 1660 bbl. of oil, or a daily 
average of 128 bbl. At the present time the well is being pumped just 
often enough to remove the water, since it has no pipe line connections. 


Rice County 


In August, 1929, Slick, Pryor and Lockhart completed their No. 1 
Schurr in the NE. corner SW. 34 of sec. 21, T. 205., R. 10 W., ata 
total depth of 3289 ft. The top of the Oswald series was reached at 
3005 ft., and the Pennsylvanian basal conglomerate was penetrated at 
3978 ft. ‘The well had an initial production of 240 bbl. of 52° Bé. oil 
from 3278 to 3284 ft. in the Pennsylvanian basal conglomerate. It 
produced 11,490 bbl. of oil to the end of 1929. Three offsets and one, 
quarter-mile location, are being drilled.* 

Gas was discovered on Jan. 15, 1930, in Boucher Oil Co. No. 1 Boy, 
in the SW. corner of sec. 16, T. 21 S., R. 10 W. The producing horizon 
is a sand lense in the Severy shale at a depth of 2550 to 2553 ft. and 
occurring 65 ft. below the top of the Howard limestone. Its initial 


4On Feb. 3, 1930, one of these offsets was completed as a producing well in the 
Siliceous lime, 
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- production is 11,000,000 cu. ft. of gas. a fe) 
gas from this horizon is the DeForrest Drilling Co. No. 
SW. corner of sec. 25, T. 30 S., R. 2 W., Sumner County. 
produces gas both from the Howard lime ‘aaith from a sand ; zone | 


Severy shale. 


Russell County 


To the close of 1929 Russell County has produced a total of 7,025 au : 
bbl. of oil from seven fields. In 1928 Russell County maintained its 
lead as the principal oil-producing county of western Kansas, with a gross” reg 
yield for the year of 1,273,145 bbl. from 132 wells. During 1929 it © 
dropped to second place despite its production for the be of 1,282,444 
bbl. from 156 wells. 

Gorham Field.—The Gorham field is located in sec. 32 sat 33;/F2 13'S3, 
R. 15 W., and sec. 4 and 5, T. 14 8., R. 15 W. Production is ibis! 
in the top 65 ft. of the Oswald series and from a true sand in the 
Pennsylvanian basal conglomerate. The discovery well of the Penn- 
sylvanian basal conglomerate production, Stearns-Streeter Co. No. 1 
Mermis, located in the SW. corner NW. 14 SW. 14 of sec. 33, T.138., | 
R. 15 W., was completed in January, 1928, for an initial production of 


1000 bbl. of 36° Bé. oil at 3300 ft., 257 ft. below the top of the 4 
Oswald lime. : 

The average depth to the top of the Oswald lime in the Gothen 
field is 3055 ft. Of the 15 wells producing oil from the Oswald series, 
13 wells produce from the 30-ft. pay, 2 wells from the 45-ft. pay, and ‘ 


1 well from the 65-ft. pay. The wells producing from the Oswald series 
are scattered throughout sec. 32, T. 13 S., R. 15 W., sec. 5, and the W. 
V6 of W. 14 of sec. 4, T. 14 8., R. 15 W. 

Twelve wells produce from Pennsylvanian basal conglomerate. 
These are confined to sec. 32 and the W. 14 of W. 14 of sec. 33, T. 13 S., 
R. 15 W. The average depth to the top of this conglomerate zone is 
3317-ft. In the 18 wells which have been drilled to this horizon, the 
average interval between the top of the Oswald lime and the top of 
the Pennsylvanian basal conglomerate is 258 ft. Five of these 18 wells 
have penetrated completely the conglomerate zone. In three of these 
the Pennsylvanian basal conglomerate was underlain by pre-Cambrian, 
and in two wells by the Ordovician. In the 12 producing wells of this 
horizon the amount of penetration is but a few feet. 

In the Gorham field the Pennsylvanian basal conglomerate is in 
contact with either Ordovician or crystalline rocks. It represents an 
unconformable zone which occupies, at this locality, a stratigraphic 
position at or near the base of the Kansas City formation. 

At the present time the proved area of the Gorham field is 2 miles 
north and south, and 1 mile east and west. The final productive area 


\ 


4 


robably include considerable territory, and will occupy presumably 
4 a relatively square area in contrast to the long and narrow shaped area 
, of the Fairport field. hs 1 
| * During the 1928-1929 period the Gorham field produced 1,034,265 
bbl. of oil. Of this amount, 70 per cent. was produced from the Penn- 
sylvanian basal conglomerate. It is significant that the average 
production of the Pennsylvanian basal conglomerate wells declined from 
580 bbl. per day in February, 1928, to 57 bbl. per day in December, 1929. 
The average recovery per acre to the close of 1929, and the average 
daily production during December, 1929, are shown below: 


ae 


Rete ae Pt es os 6S ee 


Mambss Ren Acre. p Daly Average 
F : of Pro- ecovery to roven roduction, 
Producing Horizon ducing | Close of 1929, | Acreage December, 
ells Bbl. 1929, Bbl. 
Pennsylvanian basal conglomerate..... 12 ~ 6000 120 Par 
Oswaldeseries Ae. artis sid els sie ki Sele 15 2620 150 34 
Gorham field average.....----- +--+ 27 4100 270 44 


| South Fairport Field—In a previous publication® this was called the 

: Austin field. Since that time it has received officially the name South 

Fairport field and the term Austin should be dropped. 

P The South Fairport field is situated in the W. 14 of sec. 30 and 31, 

T. 14 S., R. 15 W., the SE. 14 SE. \% of sec. 25 and the E. 4% of see. 
36, T. 128., R. 16 W., the NW. 4 of sec. 6, T. 13 8., R. 15 W., and the 
NE. 4 of sec. 1, T. 13 8., R. 16 W. The field is one-half mile wide and 
2 miles long. It is located on the same line of folding as the Fairport 
field and separated therefrom by a structural saddle. 

The average depth to the top of the Oswald lime is 3030 ft. Pro- 
duction is from four pays in the Oswald series. Of the 21 producing 
wells, 19 wells produce from the* Oswald pay, 12 wells from the 30- 
ft. pay, 1 well from the 45-ft. pay, and 2 wells from the 220-ft. pay. 

Four wells have penetrated into either the Pennsylvanian basal 
Conglomerate or the underlying Ordovician without finding production 
in the conglomerate zone. ‘Two of these wells are located in the field 
and were plugged back to produce from the Oswald series, and two 
are dry holes situated immediately to the southwest. 

North Fairport Field.—Four wells have been drilled along the axis 
of the Fairport Anticline from 1 to 3 miles northeast of the most northern 
well in the Fairport field. A distance of 2 miles separates two of these 


5], W. Kesler: Op. cit., 40. 
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wells, a third well lies halfway bahactennt anes fo 
to the ae the southernmost well. ‘These four. V 


Oswald series. One well is producing from the 30-ft. pay, aust o< 
from the 190-ft. pay, and two wells from the 220-ft. pay. The 190-ft a 
pay is not present in the Fairport field. . Sire Si 

Susank Field.—The discovery well of this field, T. B. Slick Nea 
Sellens, located in the SW. corner NE. 14 of sec. 36, T. 158., R.13 W., 
was completed on June 20, 1929, at a depth of 3352 ft. in ine Pensats > 
vanian basal congloniarate Since the well made about 50 per cent. 
oil and 50 per cent. water it was deepened. Pipe was set ontop ofthe 
Siliceous lime and all oil and water shut off. It was then drilled into 
the Siliceous lime to a total depth of 3365 ft. and came in for an initial 
production of an excess of 500 bbl. and no water. By the close of 1929 
two additional producing wells, offsetting the discovery, had been com- 
pleted. Both of these have penetrated into the Siliceous lime and 
derive their production approximately half from the Pennsylvanian 
basal conglomerate and half from the Siliceous lime. 

The limits of the Susank field are wholly undefined. Whendeveloped 
it will be similar presumably to the Gorham field. In six months it has 
produced 27,910 bbl. of oil from three wells. The second well was not 
completed until Oct. 25, 1929. A detailed record of the production 
from this field follows: 


. 


Production 

from Penn- Production Total 
Well Location LEAT cae heres Production, 

og ep Bbl. S 
Prairie No. 1 Sellens....... SW. NES, OSGi. = ere 8,925 8,925 
Slick No. 1 Sellens......... NW. SE. 8. 36 5,824* 5,824* 11,648 
Prairie & Slick No. 1 Sellens.| NE. SW. S. 36 3,668 * 3,669* 7,337 
9,492 18,418 27,910 


* Approximate. 


Ochs Lease.—On Oct. 14, 1929, the Empire Oil & Refining Co. com- 
pleted its No. 1 Ochs, located in the SE. corners NE. 4 NE. 1% of sec. 
23, T. 15 5., R. 14 W., at a total depth of 3369 ft. It had an initial 
production of 232 bbl. of 36° Bé. oil. Production is obtained from 3364 
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: to 3369 ft., near the top of the Pennsylvanian basal conglomerate and 
254 ft. below the top of the Oswald lime. To date, no additional 
wells have been completed and as yet the field has no official name. 


Sedgwick County 


The most important discovery of oil in western Kansas during the 
latter part of 1928 was in Sedgwick County. Prior to this time 35 tests 
had been drilled in the county.. None of these were productive, although 
showings of oil and gas were reported from a number of wells. 

On Aug. 21, 1928 the Bu-vi-bar Oil, Continental and Gypsy Oil 
companies completed their No. 1 Wright in sec. 12, T. 26 8., R. 1W., 
- for an initial production of 1700 bbl. of oil from the Simpson dolomite. 
This discovery lead immediately to an active drilling campaign. Its 
success is evidenced by the fact that in 16 months (Aug. 21, 1928, to 
Dee. 31, 1929) four major oil fields had been discovered with an additional 
eight areas of production each represented by a single producing well. 
The total recovery of oil from the 167 producing wells in Sedgwick County 
has been 9,139,208 bbl. distributed as shown in Table 6. It is significant 
that in 1929 Sedgwick County produced 21.8 per cent. of all the oil 
recovered in Kansas for the year, and ranked second in county production. 
Were it not for the fact that production is prorated in the Valley Center 
and Greenwich fields, this county would have ranked first in production 
during 1929. 


Tape 6.—Cumulative Production in Sedgwick County from August, 1928, 
to Dec. 31, 1929 


Produc- | N Hee tenet 
C é Date of TOCUCs pes ore cree Producin 
piste | asention | piaatedty | Hot [Regt] me, | tee | Horizon 
Bbl. | ducing 
Valley Center.| T. 265., R. 1 W.| Aug. 21, 1928 | 7,407,443 111 8,230 900 | Chiefly Simpson 
T.268., R. 1 E. dolomite 
Goodrich..... T. 258., R. 1 E. | Dec. 4, 1928 440,390 4 11,000 40 | Mississippi lime 
Simpson dolomite 
Robbins.....-. T, 288., R.1E. | April 15, 1929 158,221 8 1,975 80 | Mississippi lime 
Greenwich....| T. 268., R. 2 E. | April 27, 1929 1,046,431| 36 5,235 200 | Simpson dolomite 
Mississippi lime 
Miscellaneous. 86,723 8 80 
Total wre tears 9,139,208) 167 1,300 


Oil in Sedgwick County is 
amount of oil recovered from each 


of wells producing therefrom, is as follows: 


produced from six horizons. The gross 
horizon, together with the number 


eer > A> a ie * 6 hd rad 


. i 4 fe ) 
Mississippi lime (Mississippian)............. | 1,3 


Misner sand (Mississippian) pe ifthe ae up 60,711 M eg 
; Basal sand (Pennsylvanian)...... 7 Ar e pete oe | : 47,095 ; 

Wilcox sand (Ordovician)............. | = | 3,000 

Kansas City foLoaiin (Pennsylvanian). : : _| : 2 aha 


: ’ Groce Breduation of aces preduptog Fp | Watceee 
i i ississippi er in ion to ret 
, . Field i ee z se a Ou, BOL Per Cent, 
‘ 
: Greenwiclye. i. bie Aare eee 769,460 945,665 123 
Goodrich carr. sob wees 436,033 310,000* 70 
RObbING 32.:1 2 cease 158,221 | 7,965 5 


* Approximate. 


Valley Center Field.—The Valley Center field is situated in sec. 36, T. 


25 S., R. 1 W., sec. 1 and 12, T. 26 8., R. 1. W.,and sec. 6 and.7. Daze 
8., R. 1 E. The field has a length of 214 miles north and south and a 
width of 14 locations east and west. At the present time it is limited only 
to the north by 9 dry holes in the Valley Center town site and to the 
southeast by one well in the NE. corner of sec. 18, T. 26-S., R. 1 W.- 

By the close of 1929 a total of 124 wells had been completed in the 
Valley Center field. The principal producing horizon is from two 
dolomite pays in the upper part of the Simpson formation of Ordovician 
age, and called locally the First and Second Simpson dolomites. An 
analysis of these 124 completions follows: 


Number of wells producing from Second Simpson dolomite....... 96 
Number of wells producing from First Simpson dolomite......... 13 
Number of wells producing from Misner sand (Mississippian) ..... 1 
Number of dry holes... j..isieun tess nit eye ete 14 

Total... . 0:5. ice at ctl SERRA, COR cic 124 


The average depth to the Second Simpson dolomite is 3375 ft. In 
those wells which have been completed in the First Simpson dolomite 


ee 


the Second Simpson dolomite the amount of penetration varies from . 
2 to 15 ft. and averages 7 feet. 
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aa the amount of penetration varies from 2 to 18 ft. and averages 8 ft. For 


Six tests in the Valley Center field have been deepened to the Siliceous 


lime. Five of these penetrated into this horizon for a distance varying 
from 12 to 120 ft. One test, however, Cosden Oil Co. No. 1 DeWees, in — 


sec. 1, T. 268., R. 1 W., was abandoned early in January, 1930, at a depth 
of 4006 ft., 540 ft. below the top of the Siliceous lime. 

Greenwich Field.—The Greenwich field is the second most important 
oil pool in Sedgwick County. It was discovered on April 27, 1929, by 
the Shell Petroleum Corpn. at its No. 1 Lygrisse, located in the SE, corner 
NE. 1% of sec. 15, T. 26 8., R. 2 E., and was completed for an initial 
production of 2118 bbl. from 3164 to 3170 ft. Its producing horizon 
is a dolomite in the top of the Simpson formation. The discovery well 
made no water until June 23, 1929. Thereafter it made 5 bbl. of water 
_per day until Oct. 13. Between then and the end of 1929 no water has 
appeared with the oil. 

Additional interest in this field developed on June 22, 1929, when pro- 
duction was encountered in the top of the Mississippi lime by the Shell 
Petroleum Corpn. No. 1 Community, situated in Lot 17, Block 7 of the 
Greenwich town site in the SE. 4 SW. 14 of sec. 15, T. 26 S., R. 2 E. 
This well had an initial production of 1555 bbl. of 43° Bé. oil from 2922 


to 2924 feet. 


The Greenwich field is located principally in sec. 14 and 15, T. 2658., | 


R. 2 E. However, there is one producing well in the SE. corner of sec. 
10, one in the SW. corner of sec. 11, and one in the N. 14 NE. V4 of sec. 22, 
allin T. 268., R.2E. The wells producing from the Simpson formation 
are located, chiefly along the west line of sec. 14 and the east line of sec. 
15. The Mississippi lime wells are situated in and around the Green- 
wich town site in the 8. 14 of sec. 15, and around the common corner of 
sec. 10, 11, 14 and 15. The Greenwich town site, with an area of 40 
acres, has 15 Mississippi lime wells, one Simpson well, and five dry holes. 

The number of tests completed in the Greenwich field totals 53. Of 
this number 27 wells are producing from the Mississippi lime, 11 wells 
are producing from the Simpson formation, 3 wells have been abandoned 
in the Mississippi lime, 11 wells have been abandoned in the Simpson 
formation or below, and 1 well was abandoned above the Mississippi 
lime. The average depth to the top of the Mississippi lime is 2908 ft. 
and to the top of the Simpson dolomite 3210 feet. 

The most interesting factor relative to the Greenwich field is that it 
has produced 1,046,431 bbl. of oil and 1,014,993 bbl. of water, or only 
31,438 more barrels of oil than water. The Mississippi lime wells pro- 
duce 123 per cent. more barrels of water than oil. In the Simpson wells 
the yield of water is 25 per cent. in addition to the oil produced. 


One of the wells of greatest interest in this field is Shell Petrole 
Corpn. No. 2 Borg in the NW. corner SW. 34 SW. 14 of sec. 14, £4 ty 26 5] 


2 E., completed in December, 1929. This well penatiined Simpson _ 3 a 


autowite from 3229 to 3280 ft., in which a hole full of water was encoun- | 
tered. At 3280 ft. it pation the Wilcox sand series and had another — 


hole full of water in the top of this horizon. Commercial production was 
found from 3350 to 3354 ft. in Wilcox sand, 121 ft. below the top of — 


the Simpson formation, 70 ft. below the top of the Wilcox sand | 
~ series, and about 50 ft. above the top of the Siliceous lime. No. 2 Borg 


is the only well in Sedgwick County producing from the Wilcox sand 
and to our knowledge is the only well in Kansas that produces from a 
horizon as far below the top of the Wilcox. During December, 1929, 
it produced 3000 bbl. of oil and no water. 

To Dec. 31, 1929, the per acre recovery from the wells producing 
from the Mississippi lime has been 8550 bbl. as compared with 2520 


bbl. of oil per acre for those wells producing from the Simpson forma-. 


tion. The average recovery for the entire field has been 5235 bbl. of 
oil per acre. 

Goodrich Field.—The second field to be discovered in Sedgwick Cottntgs 
and the third in importance, is the Goodrich field located in sec. 16, T. 
258., R.1E. The discovery well, Continental Oil Co. No.1 Gove 
SW. corner NE. 144 SW. 4 of sec. 16. T. 25S., R. 1 E., was brought in on 


.Dec. 4, 1928, for an initial production of 4139 bbl. of 42.5° Bé. oil 


from 3014 to 3024 ft. According to the Continental Oil Co. the most 
authentic samples of the producing horizon were composed almost wholly 
of chert, and the age of the production has since been established definitely 
as the top of the Mississippi lime. 

Two additional Mississippi lime wells have been completed in sec. 16. 
These three wells have together produced 436,033 bbl. of oil. 

The south offset of the discovery well, No. 1 Westerfield, NW. corner 
SE. 4 SW. 4 of sec. 16, T. 25 8., R. 1 E., failed to obtain production in 
the Mississippi lime and was deepened to the Siliceous lime and com- 
pleted at a total depth of 3511 ft. The top of the Simpson formation 
was reached at 3326 ft. After completion the well was plugged back 
to 3331 to 3332 ft. and had an initial production of 125 bbl. of 39° Bé. 
oil from a dolomite in the top of the Simpson formation. Completed in 
April, 1929, it produced 1865 bbl. that month, dropped to 107 bbl. for 
the month of May, and during December, 1929, yielded 506 bbl. of oil. 
Its gross production has been 4357 bbl. of oil and approximately 48,800 
bbl. of water in 9 months. 

Robbins Field——The Robbins field is situated in sec. 20 and 21, R. 
285., R. 1 E. It was discovered on April 15, 1929, by Shell Petroleum 
Corpn. No. 1 Robbins in the NW. corner SW. 14 of sec. 21, T. 28 S., 


R. 1 E., and completed for an initial production of 218 bbl. of 41° Bé. 
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oil from 3092 to 3102 ft. This well Tadbedia. a pe 
bbl. on May 11, 1929, and produced no water ne J 
present time the field has 8 producing wells, and 2 dry holes. 
length of 4 locations north and south, and 2 locations east and 
The producing horizon is the top of the Mississippi lime, found al 
average depth of 3090 feet. . 

A point of unusual interest is the small amount of water (5 per cen 
produced with the oil, in contrast to the reverse condition in the Green- a 
wich field, ae 

Miscellaneous Production.—There are eight additional areas of com- ae 
mercial production in Sedgwick County, each represented by a single A 
producing well. Information on these wells appears in Table 7. : ss 


Trego County 


Oil was first discovered in Trego County on May 19, 1929, by Central — 
Commercial Oil Co. in its No. 1 Ellis King, in the NE. corner SW. 14 
NE. 4 of sec. 20, T. 13 S., R. 21 W., in the extreme east-central part 
of the county. The producing area has been officially named the Rega 
field. The production, at 3960 to 3972 ft., was found in the top of the _ 
Pennsylvanian basal conglomerate, 294 ft. below the top of the ~ 
Oswald series, which was reached at 3666 ft. The initial production 
was 290 bbl. of oil. No offsets have been started to the discovery well. 

Prior to the discovery of oil in the Rega field but three wells had been 
drilled for oil in Trego County. One of these was completed in the Per- 
mian, another in the middle Pennsylvanian, and the third in the 
Ordovician. Subsequent to this discovery one test had been drilled, — 
without success, to the pre-Cambrian on the same line of folding, while 
two others are drilling at interesting depths. On other lines of folding 
in Trego County two additional wells have been abandoned recently 
in the Pennsylvanian basal conglomerate with only small shows of oil in 
this horizon. 


CorE DRILLS AND GEOPHYSICAL OPERATIONS 


Core drills have been operated in Kansas by practically all of the 
major oil and gas companies during the last four years. At the present 
time, January, 1930, there are 50 drills in operation. 

The greatest activity is in the central western part of the state and 
numerous pools have been discovered as a direct result of core hole 
information. Included in the list are the Valley Center pool opened in 
sec. 6 and‘7, T. 26, R. 1 K.; the Goodrich pool in sec. 16, T. PAs Bate | 
K.; the Lygrisse pool opened in sec. 15, T. 25, R. 1 E.; the Curry pool 
in T. 27, R. 1 W. and the Robbins pool in T. 28, R. 1 E., all in Sedgwick 
County; and the Caldwell pool in T. 35, R. 3 W. and the Peasel well in 
sec. 38, T. 31, R, 1 W. in Sumner County. 
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Several gas fields and two oil pools that give promise of very large 
production, the Voshel pool in T. 21, R. 3 W. and the Ritz pool in T. 


20, R. 2 W., in McPherson County, have been discovered on favorable 


structure worked out by use of the core drills. 

In western Kansas the Sellens pool, sec. 26, T. 15, R. 18, W., the 
Ochs pool in sec. 23, T. 15, R. 14 W. and a north extension of the old 
Fairport pool in T. 11, R. 15 W., all in Russell County were discovered 
as a result of core drill information. Several other pools in Ellis County 
are included in the list. 

A small number of torsion balances and seismographs have been in 
use particularly in the western counties, Barton, Pawnee, and Edwards. 
Many magnetometers have been in use but in recent months have given 
way to the more expensive but more reliable information obtained by core 
drilling. A considerable number of areas in Western Kansas have 
been worked over by field parties using magnetometers and their findings 
later checked by core drilling. 

Very little geophysical work has been done in the eastern part of 
the state. 
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Petroleum Developments in Oklahoma during 1929 — 


By H. B. Goopricu,* Tunsa, OKLA. 
(New York Meeting, February, 1930) 


In considering historically oil development in Oklahoma, it must 
be recognized that basic evolutionary factors interlock and have 
an effect in common throughout the whole oil industry, regardless of 
locality or minor problems. Oklahoma, as the third in rank of oil- 
producing states (Texas being first and California second in production 
for 1929) has, like the rest, advanced to at least a partial recognition 
of the words, “Conservation,” “‘Unitization,” “Curtailment,” ‘‘Prora- 
tion,’ and especially “Cooperation.” 

- Whether through altruism (of which there have been examples) 
or by exercise of good business common sense, Oklahoma operators 
realize that the oil business can run itself by cooperative action for the 
good of all. In this long-continued period of overproduction, Okla- 
homa has brought the advancing output down to limit of market require- 
ments at least temporarily. 


SOURCES OF STATISTICAL DaTa 


For this paper, figures published by four recognized authorities were 
consulted. Between themselves these vary only a negligible per cent. 
in their totals. To be consistent, and on account of earlier availability 
the estimates published by the Ozl and Gas Journal are mainly used 
herein, supplemented from other public and private sources. 


GENERAL Ort PRopucTION IN OKLAHOMA 


In 1927 Oklahoma’s peak of all years was 276,022,024 barrels. 
In 1928 Oklahoma’s total production was 247,500,851 barrels. 
In 1929 Oklahoma’s total production was 252,229,474 barrels. 


The efforts of proration and curtailment programs on flush and semi- 
flush districts such as Greater Seminole, Oklahoma City, Logan County 
and others, with the natural decline of older pools, kept 1929 below 1927, 
but still the total was greater than in 1928. 

The total United States production for 1929 is herein taken as esti- 
mated at 1,004,266,723 bbl.t Oklahoma produced 25.1 per cent. of 


* Petroleum Engineer. 
| Since this was written, U. 8. Bureau of Mines figures are reported: Total U. 8. 
production, 1,005,598,000 bbl.; Oklahoma production, 253,704,000 bbl. Oklahoma’s 
production was approximately 25 per cent. of the total. 
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a that total. The daily average production for Oklahoma for 1929 was 
691,040 bbl., as against 2,751,416 bbl. for the United States.. The 


grand total of oil produced in Oklahoma is 2,804,000,000 bbl. On this 


estimate the Oklahoma 1929 production was 9 per cent. of the grand total. 


GENERAL O1L WELL DEVELOPMENTS 


Table 1 shows development yearly from 1927 to 1929. Probably a 
total of 99,300 producers have been drilled in Oklahoma, of which 63,500. 
were producing in 1929; or an average of 10.9 bbl. per well per day, » 
about the same rate as the preceding 12 months. 


Taste 1.—Oklahoma Well: Development 


Initial . Average Pro- Percentage 
Cc le- * Oil D G ; y 
Years Comple”’ Production, | Welle | Holes | Wells | Wol"Rbt | reducer 
1929 | 3,613 | 1,178,945 | 1,999 | 1,245 | 369 585 55 
1928 3,679 1,016,000 1,961 |- 1,227 491 518 53 
1927 | 4,513 | 1,971,081 | 2,562 | 1,443 | 508 769 57 


GENERAL CONDITIONS THROUGH THE YEAR 


Due to an active determination of operators to bring the daily average 
down to 650,000 bbl. Oklahoma dropped, early in 1929, from first. to 
third place among oil-producing states. Late in January, when the 
daily average was 726,000 bbl., the price of crude was cut. Seminole was 
prorated to meet the 650,000-bbl. daily average and nine major companies 
effected a Sunday shutdown. On March 20, the daily average for the 
week was 644,000 bbl. In May the daily average was increased to 725,- 
000 bbl. by the Oklahoma Coporation Commission and the price of crude 
in Oklahoma was raised. In late June and early July, oil was withdrawn 
from storage at about 45,000 bbl. per day. Market conditions soon 
reversed, however, and the daily average reached 7 29,000 bbl. Oklahoma 
City became of major importance. Greater Seminole showed a decline, 
which, however, was not maintained throughout August. The year’s 
maximum daily average was 747,895 bbl. in the week ending Sept. 14. 
A 30-day shutdown was ordered and it was followed by an order applying 
curtailment. to all flush areas. Due to the curtailment program, in 
the week ending Nov. 9, Oklahoma’s daily average dropped to 617,000 
bbl., when potential production was more than 800,000 bbl. daily. On 
Dec. 23, 1929, proration of all flush pools was extended through the first 
quarter of 1930. 

Despite overproduction, oil leasing has been active on a large scale, 
attention being directed to the region between Oklahoma City pool and 
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Seminole fields. 
made in many of the inter sine wate Sa aioon . 

Notwithstanding the expense of deep tests (the average cost. 
Oklahoma City well is perhaps $155,000) the success of wells more be 
6000 ft. deep in Logan County and Oklahoma City encouraged deep oa 
testing in the state. There are many examples. The deepest holein _ 
Oklahoma is the I. T. I. O. Cook No. 1, sec. 10,N. 11 E., Coal — 4 
County, abandoned dry at 7890 ft., on Aug. 30, 1929. The deepest 
unfinished well is P. O. & G. Slick & Phillips No. 1 Sudik, sec. 8, 10 N., 
2 W., Cleveland County, total depth at last report 7720 ft.; sand with; 
water 7690 to 7720 ft., and plugging back to test shallower shine The 
deepest actual Sroduelion in the state is the Healdton Oil & Gas Co. No. 
2 Gragg, S. W.S. W. sec. 18 N.-4 W., Logan County, which was completed 
in September or October, depth 6620 ft. ; initial production, 115 barrels. 


Important Or, WELL DEVELOPMENTS 


Aside from the older pools which showed natural declines, the flush 
pools on which attention was centered at the end of 1928 were: (1) 
Greater Seminole; (2) Allen pool; (3) Logan County, Crescent-Lovell, 
and Marshall pool; (4) Oklahoma City pool. 


Greater Seminole 


This district more properly includes the following pools: Earlsboro 
and East Earlsboro, Little River, Searight, Seminole, Bowlegs, Maud, 
Mission, Carr City, all of Seminole County, except Maud in Potta- 
watomie County. To conform with the grouping in PETROLEUM DEVEL- 
OPMENT AND TECHNOLOGY 1928-29 (A. I. M. E.), page 388, St. Louis, 
East St. Louis and Pearson Switch, in Pottawatomie and Seminole 
counties are here included although most production records carry these 
last in another group. The estimated production of these is as follows: 
1926, 10,917,225 bbl.; 1927, 136,104,000 bbl.; 1928, 127,656,000 bbl. ; 
1929, 126,175,994 bbl.; grand total, 400,853, 169 barrels. 

There were, as of Dec. 31, 1929, approximately 2291 producing wells 
in this district. Following are some of the outstanding events: Earlsboro 
with East Earlsboro is the largest pool of the group. It is credited with 
a grand total production of about 95,000,000 bbl. East Earlsboro which 
has produced 6,800,000 bbl. was discovered by the Magnolia Moore 1 in 
sec. 24, 9 N.-5 E., June, 1929, in the Wilcox sand at 4210-4229 ft. There 
are 98 producing and 60 drilling wells in East Earlsboro. 

Kast Little River extension discovery well was the Mid-Continent 
Petroleum Corpn. No. 1 Smith N.E. corner sec. 5-7 N. 7 E. opening up the 
Wilcox at 4427-40 feet. 

The notable accomplishment is the development of the Cromwell 
or Gilcrease sand in this district during the year. What really led to 
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this was the Magnolia Reed well in sec. 31-8 N.7 E., which had a large 
gas well with some oil at 3200 ft. in August, 1927. Later, with the dis- 
covery of the Wilcox, this well was deepened. Other wells found the 


shallower showings, but passed them up. However, later, several wells 


came back from the Wilcox, ripped the casing and produced from the 
shallowersand. This producing horizon no doubt, holds great oil reserves 
for the future. The largest producer is the Mid-Continent Smith 13, 
completed Nov. 9, 1929, in sec. 5-7 N. 7 E., sand 3190-3207 ft., initial pro- 
duction 2310 bbl. It was shut in for proration. 

The Little River pool produced 29,000,000 bbl. in 1929. There are 
400 producing wells. 

- On the north side of St. Louis pool, Irwin and Martin Kelly 1, an 
extension discovery of the Hunton, was at 3775 ft. early in May, 1929. 
This, together with discovery in the Asher district near by, caused activity 
of development. In the entire St. Louis pool there are now 452 wells 
with a daily average of 47,643 bbl. The pool has produced a total of about 
51,000,000 barrels. 

Carr City Pool 

The discovery of the Wilcox sand in sec. 14-8 N.-5 E. was noted in 
December, 1928. This pool was carried in reports under Maud, but 
in the last of March, 1929, it was separately carried. The Maud pool 
included Misener and Hunton lime production in Pottawatomie County, 
while Carr City is Wilcox sand production in Seminole County. There 
are 57 wells, daily average 7808 bbl. The total production, all in 1929, 
has been about 2,000,000 barrels. 

The potential production of Greater Seminole is estimated at 350,- 
000 barrels. 

Allen Pool 

The Allen pool in Pontotoc County had shallower development dating 
back as far as 1913, but the Wilcox sand discovery was made by the Sin- 
clair Oil & Gas Co. in September, 1928, in sec. 7-5N.8E. All the devel- 
opment was in 1929 and there are 238 producing wells averaging daily 
production of 21,315 bbl. ‘The pool has produced about 9,000,000 barrels. 


Logan County 

Logan County has two pools. The Crescent or Lovell pool in Town- 
ship 18 N. R. 4 W., although previously known in the shallower sands, 
was probably discovered by the T. P. Coal & Oil Co. well in sec. 27-18 N.- 
4 W. in the Wilcox at 6295-6389 ft., in January, 1928, although that well 
did not produce. 

This pool is of less importance than the Marshall or Roxana pool. 
It has 19 wells, partly in the Wilcox, but mostly gas wells in the Tonkawa 
sand. However, it has the distinction of the deepest producing well in 
the state, brought in about September, 1929. 


The Marshall or Roxana pool eee v c 
sec. 30-19-4 W., June 28, 1927, Wilcox sand 503-086, i 


to Srcriee its production fo about 16, 000 bbl. 
F said to have made total production of 1,500,000 bbl. 
| considerable activity and the pool has hace extended, notably pics the 
Cosden well in sec. 31-19-4 W. early in December. This pool is recog- . 
nized as a major pool and is now prorated 20 per cent. There are 
; 43 producing wells and estimated production for 1929 is 5,646,800 barrels. 
; 


Oklahoma City Pool 


From all points of view, the purely scientific, the working Leclair 
of very deep drilling and production, and its effects on economics of 
the oil industry, the Oklahoma City pool has been the most interesting 
of fields. The discovery well was located on geological advice as a wild- 
cat in sec. 24-11 N. 3 W., 50 miles from production. It was completed 
Dee. 4, 1928, at about 6500 ft. and has produced a total of 1,004,000 bbl. 
Because of the very deep drilling, the second well, Sinclair, Stamper No. 1 4 
sec. 30-11 N. 2 W., was not completed until June 20. Thelargestwellwas 
Fuzzell No. 1 in sec. 13-11 N. 3 W. rated at 43,557 bbl. During the 
development two wells blew in making large quantities of gasoline— . 
the Kinter No. 1 sec. 30-11 N. 2 W. and Watters No. 1 sec. 25-11 N. 3 W. 

At the present time, there are 160 operations; 68 wells have been 
completed. The potential production is more than 400,000 bbl. daily 
with a pipe line capacity of 166,000 bbl., but the field is prorated as 
described above. The total produced by the field since discovery is 
8,818,000 barrels. 

The area which has perhaps been defined at the SE. and SW. only by 
dry holes is now estimated at about 5000 acres which is likely to be 
extended by drilling operations now in process. Originally well-spacing 
was at 40 acres per well, but smaller holdings have made 10 acres per 
well common practice. 

Subsurface geology is becoming better realized. Many new facts 
have been added to geological knowledge by the Oklahoma City field. 
Generally the oil horizons are found in the Arbuckle Lime which has 
been penetrated more than 400 ft:, and in the ‘Detrital Horizon.”’ 
The former has produced much greater quantity than the latter and has 
more than 50 wells producing from it, but on the other hand, the Lime 
horizon wells show considerable water, and greater decrease in gas pres- 
sure. The Detrital Horizon wells have no present water menace and 
longer life is probable. As to the Detrital Horizon, it is said that from 
data on the Tidal Slick well in sec. 13-13 N. 1 W., geologists have arrived 
at some interesting correlation conclusions, changing former ideas. 
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New DiscoveRizs OF THE MAJOR CLASS 


All the above include what are truly discoveries of 1929, either geo- 
graphical extensions of, or vertical additions to, pools already known. 
The following, in the order of apparent importance, are new discoveries 
which may be recognized as major pools now or lead to some values 
in the future. Bh 

Sasakwa Pool 


This pool is in T.6 N. R. 7 and 8 E. in Seminole and Hughes counties. 
The discovery well was the Sinclair-Davis 1 in sec. 7-6 N.-8 E. completed 
June 12, 1929. It had been originally drilled 2 ft. into the Wilcox at 
4201 ft., but was plugged back to the Simpson sand with initial production 
of 1027 bbl. from it at 4085-4164 it. At present there are 40 wells, 
averaging 12,000 bbl. daily. Total production has been 1,600,000 barrels. 


Asher Pool 


The Asher pool is in T. 6 N.R.4E. Pottawatomie County. Discovery 
well was Simms Lester 1 SE. cor. NE. NE. sec. 19-6 N.-4 E. completed in 
the Viola at 3699 ft. on April 10. In the first seven days’ test, output 
increased up to 2700 bbl. daily. A month later, an offset came in at 
3597-3662 ft. with initial production of 3000 bbl. Then 35 wells 
were started to this shallower horizon, but the pool soon began to decline. 
There are now 26 producing wells, daily average production 9851 bbl. 
The pool has produced about 1,500,000 bbl. from June 30 to Dec. 31, 
1929. 

Konawa Pool 

The Konawa pool, located in T. 6 N. 6 E. Seminole County is about 
the latest discovery to be classed among major pools. The E. L. Harris, 
Wilcox and Doppleman Drilling Co. discovery Harjoche 1 in SE. NE. SE. 
sec. 8-6 N. 6 E. had the Wilcox sand with sulfur water at 4065 ft. on Oct. 21. 
The hole was plugged back and tested at the Cromwell (?) at 2950 ft. 
It had oil and water; was further plugged and developed at 2860-65ft. On 
Noy. 5, 1929, it was completed for a 400-bbl. well, initial production, 
and is now doing. probably 200 bbl. Two offset wells came in about 
Christmas time for 1000-1600 bbl. initial. ‘There is very great interest, 
for the relation to other production suggests a sizable prospective area. 
At the present time, there are three producing oil wells and one gas well, 
‘and average daily production is 3087 bbl. There are 40 drill- 
ing operations. . 

Beebe Pool 

A discovery in the Viola limestone at the old Beebe pool of Pontotoc 
County wasrecorded by the American Oil & Refining Co. insec. 19-5 N.-5E. 
in April at about 2300 ft. At the present time, there are 58 wells. Wells 
came in as high as 1000 bbl. Daily average is said to be 3000 barrels. 
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No. 1 in SW. of sec. 22-22 N.-1 E. and on Dee. 15, 19% 
oil in the Layton sand at 3282 ft. On Dec. 23 it was deepenci 
depth of 3300 ft. and flowed. It has been reported as a 200-b 
It is not completed at this writing, but apparently offers good prospects 
for future development. In connection with this discovery, should be — 
mentioned a deeper discovery in the old Bu Vi Bar pool, west of Perry i in- 
Noble County, the Magnolia Young 1 sec. 22-21 N.-2 W. of the Misener 
sand at 5100-5104 ft., reported on Dec. 12 as a possible 300-bbl. well. ng 
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West Chandler a 


The discovery well was Magnolia Decker No. 1 inSE. SW. SE. 8-14 N.- ei 
4 E., Lincoln County, completed July 28 with Simpson 4953-4972 ft. a 
Initial production was said to be 80 bbl. per hr. which declined ey a 
There are now three producers; seven wells are drilling. me 


Palacine Area 


The discovery well was the Wirt Franklin Spain No. 1SW. SE. NW. 
sec. 9-2 §.-6 W. in Stephens County, completed July 18, 1929; deepest sand 
was 3226-3228 ft. However, probably no correlation has been made — 
and the sand is really a conglomerate or ‘‘detrital’” zone ranging 
from 2950-3200 ft. depth. The initial production was 682 bbl., but no 
estimate of the future has been made. In the area there is now a second 
well, which was reported as high as 800 bbl. initial production. Several re 
wells are being drilled near the discovery, one of which has perhaps | 
entered the Arbuckle lime. 

Also in Stephens County is an interesting group of four wells in SE. 
sec. 21-2 S.-7 W. of George Pace et al; discovery date, July 23. Possibly 
this connects the Comanche and Palacine pools but in a different sand at 
1734-36 ft. The initial production was 240 bbl. per day. 


Payne County 


Near the town of Cushing in sec. 4-18 N.-5 E., Shaffer company in Little 
Chief No. 2 made discovery of oilin the Wilcox Band at 3482-3534 ft. on Sept. 
28,1929. The first well on this lease had been a gas well in shallow sand. 
The discovery’s initial production was about 900 bbl. Eight wells have 
been drilled and six are now drilling. The pool was limited to the south 
by a dry hole in sec. 4-18 N.-5 E. 


State Line Pool 


The original discovery was in Kansas, the Gypsy Williams 1 on May 
10. The pool was extended on to the Oklahoma side of the line by an 
Amerada offset in sec. 17-29 N.-9 W. Wilcox sand at 4781-85 ft. Initial 
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production was 500 bbl. but the area was cut off by a Gypsy dry hole. 


On Oct. 9, the State Line pool gaged 1851 bbl. from four wells. 
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McClain County 


‘The Homaokla Newsom 1 in NE of sec. 16-5 N.-3 E., a wildcat well 
on Dee. 6, found the Viola at 3087-3605 ft. Originally reported as about 
a 200-bbl. well, it is considerably smaller but its value is in opening up 
possibilities in new territory for further drilling tests, in advance of 
the known fields, such as Beebe. This discovery is the first in 
McClain County. 

Miscellaneous Developments 


There are some findings which may not add much to immediate oil 
recoveries, but should be mentioned because they suggest previously 
unrecognized oil reserves. 

In Cotton County, in SE. cor. of T.-1§.-10 W. and NE. of 28.-10 W. is 
an east side extension of the Walters field. This was discovered in 
March with sand at 2166-2177 ft. of 35° gravity oil. Production is 
from 30 to 200 bbl. per well. 

Further development of the shallow oil in Marshall County on the 
Preston Anticline, with wells ranging up to 100 bbl. at less than 600 ft. 
depth has attracted attention also. 

There is also a small development of shallow oil near Vinita in Craig 
County which has not yet found a market. 


CoNCLUSION 


From all the above it appears that while the oil producers’ main 
attention during 1929 was toward curtailing an overproduction down 
to the market demand, and seemed to be successful in the last two months, 
still there were constructive drilling developments, leading to the future. 
The novel problems arising from the discoveries in the major pools, 
have caused a startling advance along all lines of petroleum engineering. 
Petroleum technology and geology have advanced further in technique 
and accomplishments than in any previous year. 


DISCUSSION 


S. Powers,* Tulsa, Okla. (written discussion).—In northern Oklahoma—the 
part north of the Arbuckle Mountains—the initial oil development commenced 
before 1900 in sands of Pennsylvanian age at depths less than 1000 ft. Because of a 
regional west dip of 20 to 50 ft. to the mile, oil was found at greater depths as develop- 
ment extended westward. By 1917 wells were being drilled to depths of from 1800 to 
2500 ft. and most of the oil was still produced from more or less lenticular sands in the 
Cherokee formation at the base of the Pennsylvanian section, except in the Cushing 


* Petroleum Geologist, Amerada Petroleum Corpn. 
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and the producing horizons, vas were first called ‘breaks in the as, ” were | 


in 1921 by fossil evidence to be of Mississippian, Devonian, and Ordovician ages in t 
different fields. It became apparent that the ‘‘Mounds” sand, discovered near the — 


southwestern edge of Glenn pool in 1908, and the “‘ Wilcox” sand (mamed from HF, - eee: 


Wilcox, of Tulsa), discovered at Bixby in 1914, were Ordovician in age and correlated _ 


with part of the Simpson formation of the Arbuckle Mountains. The Wilcox au 


sand, to use the popular name, was found productive during and after 1918-1919 in 
many small anticlines beneath surface noses in the Tulsa-Okmulgee-Stroud area, but. 


the importance of this horizon was not appreciated vee after its discovery in'the _ . 


Tonkawa field in 1924. 

In 1929 oil was being sought far west and pay nie) of the fields of 1900 and 1917, 
in rocks of Ordovician age, at depths ranging from 4000 to 6500 ft. The Wilcox 
sand of the Simpson formation and the “‘siliceous lime” (upper surface of the Arbuckle 
limestone) were the formations of Ordovician age being tested. Stratigraphically, 
the Arbuckle limestone is the oldest sedimentary formation in the stage except for 
Reagan sandstone overlying the pre-Cambrian granite. One well on the Mission 
anticline on the Seminole Uplift was being drilled deep into the Arbuckle limestone in 
hopes of finding deeper production. Little attention was paid in 1929 to production 
in formations of Pennsylvanian and Mississippian ages except where oil or gas was 
found by accident in rotary drilling or in pulling casing from abandoned or unpro- 
ductive ‘‘ Wilcox” sand wells. 

Structurally, the important discoveries in the past few years have been the presence 
of buried uplifts and truncated anticlines (partly if not mostly, showing buried topo- 
graphic as well as structural relief, and therefore being buried hills). The Seminole 
Uplift has proved to be a structural plateau on which are superposed a number of low, 


broad anticlines most of which produce from the ‘‘ Wilcox” sand or associated sands © 


and a few from the Hunton limestone. 

“Southern” Oklahoma has not been economically important for aes years. 
Most of the oil is found in sands or sand zones of Pennsylvanian age, which are corre- 
lated with difficulty in individual fields. Some of the fields overlie buried hills of 
Ordovician limestone, others are on relatively steeply folded anticlines between the 
Arbuckle Mountains and the truncated Ordovician hills. Very little oil has been 
found in the Ordovician, probably because of the deep truncation and scarcity of 
anticlines, for most of the buried hills are suspected to be tilted fault blocks. 

During 1929, determinations of the age of cuttings from wells reaching granite or 
schist proved that the Reagan sandstone of Cambrian age is more wide-spread than 
previously suspected and that it rests on the pre-Cambrian crystallines beneath the 
sharply folded, buried hills of Ordovician limestone, which compose the “‘Red River 
arch.” The earliest folding was post-Ordovician (early Pennsylvanian?). The 
Cambro-Ordovician sandstones and limestones were deposited over a smooth pene- 
plain; the Pennsylvanian shales were deposited over a region of comparatively great 
relief (1000 ft. or more). 

In northern Oklahoma the lowest Paleozoic rocks were deposited on a peneplain 
with many monadnocks at least 500 ft. high, but the Pennsylvanian seas spread over 
a peneplain with gentle topographic relief of not over 200 ft. except the monadnocks 
of Cushing, the Nemaha Mountains, and associated and similar structures, which had 
relief of 150 to 300 ft. or more. The difference in the topography between northern 
and southern Oklahoma in the Pennsylvanian are accounted for by the early Pennsyl- 
vanian folding of sduthern Oklahoma as contrasted with the pre-Pennsylvanian 
folding of northern Oklahoma. 
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Petroleum Development in West Texas and Southeast 
New Mexico in 1929 ; 
By RB. E. Rerrcer,* SAN ANGELO, TEXAS 


(New York Meeting, February, 1930) 


Tnx area referred to in this paper is the southern part of the Permian 
Basin lying in southwest Texas and southeast New Mexico (Fig. 1). 
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Fic. 1—Propucina AREAS OF West TEXAS AND SouTHEAST New Mexico. DEvEL- 
OPMENTS DURING 1929 ARE SHOWN BY THE ARROWS. 


Those fields lying along the northern rim of the basin; namely, the 
Panhandle fields, are not included. The fields within this area are 


* Division Geologist, Sun Oil Co. 
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Bi rather similar in regard to their structural and stratigraphic features. 
Oil is found in Permian limestones (sometimes sand) which have been 


folded into domes and elongated ridges. These folds are often of con- 
siderable magnitude, both areally and in amount of vertical uplift. 

During the last two years extensive development has taken place. 
Within this area 22 refineries with a total daily capacity of 100,700 bbl., 
and seven gasoline plants with a combined daily output of 110,418 gal. 


are now operating. Ten major trunk pipe lines to refining centers outside 


of West Texas have a daily capacity of 391,000 barrels. 

During 1928 Texas produced 255,021,000 bbl. of oil of which West 
Texas and southeast New Mexico contributed 120,651,932 bbl. or 46 
per cent. During 1929, Texas produced 299,421,497 bbl. of oil of which 
West Texas and New Mexico contributed 124,211,518 
bbl. or 41 per cent. The West Texas daily average 
increased from 355,000 bbl. at the beginning of the 
year to a maximum of 395,000 bbl. in July, a fluctua- 
tion which is considerably less than that of 1928 when -fia.68 810,201. 
there was a low daily average of 260,750 bbl. and a 5 ay 
peak of 406,318 bbl. This greater stability of output 
is, in a large part, due to the successful operation of Fig. 2,—Torar 
proration agreements in the Yates and Howard- Snape Niet 
Glasscock fields and to the normal decline and pro- sasr New Mexico. 
ration of the Hendricks field. With the three main re eee 
producing areas thus under a definite control, a 328 Barrexs. 
general uniform volume of production has been main- 
tained in 1929 and can be expected in 1930. The average daily produc- 
tion during 1929 has been maintained at about 370,000 barrels. 


TaBLE 1.—Comparative Yields by Fields 


a 


1929 Percent- 1928 Percent- 
Field Production,* age of Production, age of 
Bbl. Total Bbl. Total 
Hendricks) pooly.. acca ds eee ss 50,114,411 40.3 58,916,626 | 48.9 
NAN TSN Seen ER Babe ONO) IN ORTON 31,116,094 25.0 22,760,385 18.9 
Church-McElroy-McCamey....... 16,300,159 13.3 25,269,757 | 20.9 
Big LAKO. ers te cispen fea’. a2 Fe 6,296,536 5.1 6,993,931 5.8 
Howard-Glasscock............-+--: 15,083,109 12.2 4,688,929 3.9 
Westbrook (Mitchell).............|  . 901,121 0.78 1,084,596 0.89 
World (Crockett)...........-.--- 638,681 0.48 818,777 0.68 
(ONT Sesh SSeS cet an hemor 3,761,387 3.02 118,931 0.09 
TRIN Weise OE | I eho 0) Ob. 124,211,518 | 100.10 | 120,651,932 | 100.06 


* Production for December, 1929, has been estimated. Other figures are com- 
piled from monthly reports of West Texas scouts. 


1 Production for December, 1929, has been estimated. 
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Fia. 3.—Comparison or 1929 DAILY AVERAGE’ PRODUCTION OF West TEXAS FIELDS 


AND THE ENTIRE STATE, 


(A. P. I. Reports.) 
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Fig. 2 shows the relative importance of the 1929 production. The 


entire circle represents the total amount of oil produced in West Texas 


since the beginning. The smaller quadrant shows that which was 


_ produced in 1929—a strikingly large proportion. 


The relationship of West Texas and southeast New Mexico to the 
entire state is shown on Fig. 3. During 1929, 1041 wells were completed 
in West Texas and New Mexico, of which 702, or 67 per cent., were 
oil wells; 22, or 2 per cent., were gas wells; and 317, or 30 per cent., were 
failures. During 1928, the percentage of oil wells to total completions 
was 74. The fact that the percentage is smaller this year is due to the 
increased wildcat activity largely in Pecos County. — 


New DE&EvELOPMENTS 
Glasscock County 
With the completion of the World Oil Co. McDowell No. 1 in sec. 21, 
block 34, T. 2 S., T. & P. Survey, as a small producer, an apparent 
6-mile southwest extension to the Howard-Glasscock field was proved. 
Subsequent development near the discovery well, however, has been 
disappointing, and its true significance is not yet known. About 4 
miles northeast of the World well and about 2 miles southwest of the main 
field, Kirby-Black Arrow-Atlantic completed their Phillips No. 1 as a 


- small well in sec. 23, block 33, T.2S., T. & P.Survey. This well has been 


off-set and the adjoining area tested with encouraging results. Pro- 
duction is found.at a depth of between 2100 and 2300 ft., about 200 ft. 
below the top of the Big Lime. Wells so far completed in this area have 
had initial productions averaging from 1300 to 1400 bbl. They are 
now under proration and operators have agreed to run not more than 
30 per cent. of their potential production, which is estimated at 16,000 
bbl. per day from 16 wells. The gravity of the oil ranges from 30° to 
33°, being from 1° to 4° higher than that from the deep pay in the old 
field to the northeast. This extension to the Howard-Glasscock field 
makes the field one of major importance. In 1930 it should show 
a substantial increase in production, unless too greatly restricted 
by proration. 
Mitchell County 

In the early part of 1929, the Simms Oil Co. Ellwood No. 1, sec. 
29, block 18, S. P. Survey, encountered 12,000,000 cu. ft. of sweet gas 
at 606 ft. This was cased off and the well drilled to 4725 ft. without 
further showings. Since that time a second shallow gas well has been 
drilled nearby, producing about 5,000,000 cu. ft. of gas. To date this 
gas is not being utilized. 

Pecos County 

Pryor Field—In May, 1929, the Phillips Petroleum Corpn. Pryor 

No. 1, located in sec. 78, block OW, about 9 miles west of Fort Stockton, 
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ee toxty so the oil was etsbotae off ed arilling cuaitiaadts me 4375 - 


where the hole was plugged and abandoned. mate a — mies Be: 


mile east. A 100-bbl. well has been recently ptietea slightly patel ie 
of the original well, and another test is now drilling. From the results 
so far obtained, it is expected that this shallow field will not assume any __ 


great importance. 

Taylor-Link Field—This field is located 20 miles west of the Yates 
field and is so named because the discovery well was drilled by the 
Taylor-Link Oil Co. This well is located in sec. 30, block 16, University 
Survey, and was completed in June of this year for 30 bbl. per day. 
The pay horizon was encountered at 1613 ft., 228 ft. below the top of 
the Big Lime. The gravity of the oil is 30.7°. Subsequent development 
has shown the presence of another pay at an average depth of 950 ft. 
At this writing 30 wells have been completed either in the 1600-ft. 
pay or in the 950-ft. pay. Dry holes to the northeast, east and south 
apparently define the limits of the field in those directions. Total 
production during November was 232,441 bbl. Unless additional 
productive area is found to the west, it is doubtful if this figure will 
be exceeded.. 

Pecos Valley Field——This field lies 25 miles north of Fort Stockton 
and was discovered in November, 1928, by the Pecos Valley Oil Co. 
Fee No. 1, sec. 22, block 10, H. & G. N. Survey. This well was com- 
pleted at 1628 ft. for a production of 105 bbl. daily. . The pay zone is 
probably just above the Big Lime. At the present time, there are seven 
producing oil wells and two gas wells in the field. They are small, 
having a total daily output of only 122 bbl. and are rather widely sepa- 
rated. Several dry holes among them suggest that the production will 
be spotted and never very large. 

Masterson Well.—S. B. Owens et al. Masterson No. 1, sec. 104, 
block 10, H. & G. N., apparently opens up a field between the Pecos 
Valley area and the Taylor-Link field. It is now producing about 100 
bbl. oil per day from a total depth of 1495 ft. Oil was first encountered 
at 1265 to 1270 ft. with an apparent increase at 1435 to 1439 ft. The 
upper pay is above the Big Lime. The -possibilities of this area are 
unknown since at this writing no further development has taken place. 


Ector County 


R. R. Penn Kloh No. 1, sec. 7, block 44, T. 3 S., T. & P. Survey, was 
completed in November at a depth of 3744 ft. for an initial production 
of 365 bbl. per day flowing through tubing. This well appears to be an 
eastward extension of the Texas (Cosden) Connell field lying about 214 
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miles to the southwest. The production is coming from the Big Lime. 


At the present time there are five wells drilling in the area whose outcome 


will probably indicate whether or not the field will assume major impor- 
tance. If large production should be found, a drilling campaign will 
necessarily follow because of the varied lease ownerships and small tracts. 


Andrews County 


The presence of a field is indicated in Andrews County by the showings 
in the Deep Rock Ogden No. 1, sec. 6, block A-46, Public School lands. 
In this well 2,500,000 cu. ft. of gas was encountered at 2925 ft., oil at 
4305 to 4309 ft. with an increase at 4345 to 4348 ft. Swabbing tests 
indicate a production of about 250 bbl. On deepening to 4428 ft. sulfur 
water was encountered. A dry hole 1}4 miles to the east limits the field 
in that direction. No other tests have been drilled, and the importance 
of this discovery cannot now be foretold. Unquestionably there may be 
considerable development here during 1930. 


Ward County 


Shipley Field.—The Shipley area, located in southeastern Ward 
County, has developed into a small field. At the present time there 
are 10 completed wells producing from 10,000 to 15,000 bbl. per month. 
To date the field has produced 141,132 bbl. The most interesting 
recent development in this field is the result of the deepening of the Shell 
Sloan No. 1 which is located in sec. 16, block 5, H. & T. C. Survey, 
southwest of the producing area. Sulfur water was encountered in the 
regular Shipley pay from 2530 to 2534 ft. Upon deepening, several pays 
have been encountered from 2658 ft. to the total depth of 3070 ft. No 
definite production record has been obtained, but it seems evident that a 
new pay zone has been found for this area, and the possibilities of a deep 
field are favorably considered. 

Grand Falls Area.—About 2 miles southwest of the Shipley field and 
in Grand Falls townsite, the Alpine Oil Co. town site No. 1 was completed 
at a total depth of 2150 ft. for an initial production of 24 bbl. per day. 
The pay is from a sandy lime at the top of the Big Lime. At the present 
time there are three wells being drilled in the vicinity of the town site 
well. It is probable that this field will be similar. to the Shipley field. 

Bennett Area.—About 5 miles west and a little north of the Grand 
Falls area, Penn and Atlantic have apparently discovered a new field. 
Their Bennett No. 1 which is located in sec. 16, block 34, H. & T. C. 
Survey, topped a pay at 2427 ft. The well was deepened at intervals to 
a total depth of 2621 ft. and plugged back to 2618 ft. when water appeared. 
It was shot several times and finally completed for an initial production 
of 149 bbl. per day. It opens a large area for drilling, some of which will 
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which owns a large block of acreage apparently Sadie fone of any ¢ 1 . 
field which may be developed. To date, development has been confined < 
to determining the extent of production. Wells have been drilled about ; 


1 mile apart and have proved an area some 4 miles long. Four wells. 
have been completed with a total daily output of a little more than 1000 


bbl. Most of this production is coming from O’Brien No. 4 located in 7 "q 
sec. 19, block F., G. & M. M. B. Survey. The oil in this area is sweet — 


and tests 38.6° gravity, thus being a better quality than that found to 
the north in Winkler County. As the bulk of the acreage is owned by 
one company there will probably not be any rapid drilling campaign. 


Reagan County 


In November, 1928, the Texon Oil & Land Co. completed its Univer- 
sity 1-B at a total depth of 8525 ft. for an initial production of about 1000 


bbl. per day of 56° gravity oil. This is the deepest production to be- 


found in the Permian Basin and no doubt will stimulate deep drilling in 
other localities. During 1929 the daily production of this discovery well 
has gradually increased so that now it averages 2800 bbl. of oil and 
27,000,000 cu. ft. of gas. Gasoline is extracted from the gas and arrange- 
ments are being made to dispose of the residue. As there is no market 
for oil of 56° gravity, the well is being run directly into the field tanks, 
bringing up the general gravity of the total field. To date this one well 
has produced 930,000 bbl. of oil. 


The Big Lake Oil Co. which owns the adjoining lease has completed | 


two deep wells within the last year. They are the University 3-C and 
4-C and have total depths of 8385 and 8220 ft., respectively. They are 
good for about 200 bbl. per day each. These wells have undoubtedly 
not yet encountered the big pay which is producing in the discovery well, 
and they will probably be drilled deeper. The top of the Big Lime in 
this field is encountered at about 2800 ft., making the producing horizon 
5745 ft. below the top. 


Schleicher County 


Schleicher County is located on the southeastern rim of the Permian 
Basin and to date has had very little drilling activity. Favorable oil 
showings were obtained during the past year in the Phillips (Interstate) 
Whitten No. 1 located in sec. 35, block LL, T. C. Survey, a few miles 
north of the town of Eldorado. While standing at a total depth of 
4925 ft. this well made several flows of oil which tested 36°. Casing was 
run in order to condition the hole, and it is probable that some of the pay 
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was cased off as the well ceased to flow. Further drilling to a depth of 


5620 ft. has failed to show any additional pays. This well is still drilling 


eee ee 


and will be carried as deep as possible. The showings in this well open up 
an immense territory for future testing. 


Lea County, New Mexico 


Drilling activity in Lea County during 1929 has been confined largely 
to the development of previously known structures. The northward 
extension of the Winkler County fold has been traced for about 30 miles 
and is known as the East Lea County high. Results, however, have been 
somewhat discouraging owing to the fact that the gas area has proved to 
be much larger than anticipated. It is now apparent, as far as this 
structure is concerned, that oil will be found only along a narrow strip 
flanking the gas area on the west. Wells completed along this strip 
have not been phenomenal producers. Besides the foregoing, three 
new producing areas have been discovered, and the Hobbs field has devel- 
oped to a sufficient extent to show that it will probably be a field of major 
importance. Total production for Lea County in 1929 amounted only to 
540,000 barrels. 

Hobbs Field—In December, 1928, the Midwest State No. 1, located 
in sec. 9, T. 198., R.38 E. was completed at 4220 ft. for an initial produc- 
tion of 696 bbl. The pay horizon is near the top of the Big Lime. Dur- 
ing 1929, five oil wells and one dry hole were completed in the immediate 
vicinity. The Midwest Leech No. 24, 114 miles to the south, had an 
initial yield of 800 bbl. per day; the Walker Terry No. 1, 34 mile southeast, 
of 550 bbl. per day; the Midwest Capps No. 1, a northeast offset, of 720 
bbl. per day; and the Ohio State No. 1, 34 mile to the southwest, of 35 
bbl. per day. The Humble Bowers No. 1, 3 miles to the northwest, 
is now drilling at 3930 ft. after having discovered a new pay horizon 
stratigraphically above that which is producing in the Midwest State 
No. 1. This well was estimated good for 450 bbl. per day at a depth of 
3402 ft. This production, however, has been passed up in an attempt to 
test out the Big Lime pay. The above development indicates that the 
Hobbs field is at least 4 miles long and 1 mile wide. It is quite likely that 
considerable development will take place here during 1930 as lease 
ownerships are fairly small, and attempts to curtail drilling have been 
unsuccessful. At the present time there is no outlet for the oil produced, 
so that most of the wells are shut in. 

Lea Field (Lynch Field).—The Lea field was discovered in March, 
1929, when the Texas Production Co. completed its Lynch No. 1 at a 
total depth of 3731 ft. for an initial production of more than 1000 bbl. 
At present it is pumping an average of 900 bbl. per day. In September, 
Cranfill and Reynolds completed their No. 1-B State located about 1 mile 
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south sf the aandres wall for an ere y 
2-B State for 255 bbl. At this time ther 


aiesciond Iti ie thought that this field will not assume any great 
tance. It should reach its peak of production during 1930. 

Henry Area.—In December, 1929, the T. P. Coal & Oil Co. comp. 

its State No. 2,sec. 21, T. 23 S.,R. 36 E., at 3721 ft. for an initial pro 

- tion of 500 bbl. daily. matlier dttompta to find production in this : 

_ resulted in gas wells. The T. P. Coal & Oil Co.’s State No. 1, about 1 
miles to the east, was completed at 3668 ft. with 15,000,000 cu. ft. of gas. 
Marland Oil Co.’s Lynn No. 1, about 114 miles southeast of State No.1, 
was completed at 3930 ft. for 50, 000,000 cu. ft. of gas. Adryholetothe 
northwest suggests that the oil field will occupy a narrow strip trending 
almost due north and south. This is on the steeply dipping west flank 
of the East Lea County high, and development will probably be difficult 
because of gas and water troubles. 

Eunice Area.—This area is located about 18 miles south of the 
Hobbs field along the East Lea County high. In April, 1929, the Marland 
Oil Co. completed its Lockhart No. 1 at 3990 ft. for an initial production 
of 230 bbl. per day. It is located in sec. 31, T. 218.,R.36E. The other 
attempts to the south and to the east by the Enpee Oil Co. and the 
Gypsy Oil Co. resulted in large gas wells. At the present time the Mar- 
land Oil Co. is completing its A. E. Meyer No. 1, 3 miles north of its 
Lockhart No. 1. This well is estimated good for 65,000,000 cu. ft. of gas 
and 600 to 1000 bbl. of oil per day. Production is being killed in an 
effort to drill deeper. The extent and importance of this discovery 
cannot be predicted at this time. 

Vacuum Well.—The Vacuum Oil Co. has recently completed its 
State No. 1, located on the line between sec. 13 and 14, T. 17 S., R. 34 
K. at a depth of 4900 ft. for an initial production of 120 bbl. per day. 
While this production is not in itself important, its location between the 
Hobbs field and the old Maljamar field suggests a continuous trend 
between the two areas. 
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Poot DEVELOPMENT 


The year of 1929 has been very quiet as far as new development in 
major fields is concerned. ‘The Hendricks pool is definitely on the decline, 
the Yates pool is strongly controlled by proration, the Church-Fields- 
McElroy pool is practically at a standstill, and the Howard-Glasscock 
pool is under semirigid proration control. There has been no intensive 
drilling activity except locally in the Taylor-Link field in Pecos County, 
in which area only 30 wells have been completed. 
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TapLE 2.—Production by Fields, West Texas, 1929 and Total 


Total Pro- . Production 
Field Serna, Field in 1939, 

Crane ies he cecitsw vs fs pins os 57.267, 380)) Cranes gc aiqn niin yr eses 12,870,093 
Waddell (Crane)..........-- 22,998\| Waddell... ...2.-.4--+--: 14,287 
Powell (Crockett).......-..- 9°380,245)) Powell) 0... 20. ese e cues: 638,681 
Cannell \.. oct E. sain 21,698i| Connells 20.0. Fade ess 12,339 
ahem nein ocr gte Sasa ssucysiecs 633,479)| Fisher... 6.0.00. e2e ee 437,947 
Howard-Glasscock........-. 21 010,000) Howard-Glasscock........ 15,083,109 
MOnGS erates fae este eos 3,093,102|| Jones.......-. 220-000 1,423,117 
Wheat (Loving).........--- $27,319]| Wheat.....5. 0.6. see ees 249,329 
Wiest brooke ao. cee aes 6,801,806|) Westbrook.............+-- 901,121 
Pecos Valley......-..--++:> 30,000|| Pecos Valley..........--- 30,000 
Taylor-Link............+7-- 537,955|| Taylor-Link.............- 537,955 
WALCS heirs ener 69,118,364|| Yates................0--- 31,116,094 
DL aoe are 43,342,462|| Big Lake................. 6,296,536 
Skelly (Reagan).........--- 68 1622] SSG liye eee cantante ee « 41,918 
Runnelssekie. kee ea eee. 77,76A4|| Runnels... ..5......504+- * 20,849 
lp), (Salina) ceecdoe aoe 29,079)| Scurry. 6. fa. depeica. te 7,013 
Wie @aMey-aepemswa re cuewels su-1 510 he 16,813,345 | McCamey Eats tem ne 3,430,066 
Wayalett cscs. eee) 141 192|) Hayzlettin. o,f... eee 136,025 
(OY Byatt coo on ere GC 280,628|| O’Brien...........-..++-> 280,628 
Hendricks 2).2..28 eek 112,686,660} Hendricks............--. 50,144,411 
jean Coumtyai N= Mey os. tet. = 546,290|| Lea County, N. M........ 540,000 

arn hal nae: Ae ixereeee 335,181,328] Total..................] 124,211,518 


* December production estimated. Maximum error not more than 0.1 per cent. 
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121,451 bbl. of oil daily. This fieires is aesonoasd to represent 
tion allotment, but actually it is all that the operators care ‘to 
owing to the serious water situation. Practically every well in t S 
is showing water from 1 to 99 per cent. It is believed the entire fie ees 
would go to water in a short time if the wells were allowed to produe 
cr their potentials. During 1929 the Hendricks pool produced 50, 144,41 aA 
bbl. of oil and has produced since the beginning 112,686,660 bbl. ‘Accord- eer 
; ing to proration agreements, a total of 8,360 acres is considered proved, : 
making a total average recovery so far of 12,748 bbl. per acre. ae 

1930 there should be a material decrease in thie production. 


Yates Pool _ ss 


; The Yates pool now has a daily potential production (based on panies i 
gages) of 5,314,832 bbl. from 537 wells. This is an average daily poten- __ 
tial of approximately 10,000 bbl. per well. The actual production is 
limited by proration agreements to 130,000 bbl. per day. During 1929, 
the Yates pool produced 31,116,094 bbl. of oil, and since beginning 
(September, 1927) it has produced 69,118,364 bbl. Taking an estimate 
of 16,000 acres as proved, the recovery per acre to date is 4319 bbl. 
R. V. Hennan and R. J. Metcalf! estimate a total recovery of at least 
40,000 bbl. per acre or a total for the field of 640,000,000 bbl. They say 
that a total of 800,000,000 bbl. is not an improbability. Withthe decline — 
in production evident in the Hendricks pool, it is probable that the prora- 
tion allowance of Yates will be increased. This should put Yates in 
first place for production in 1930. 


Church-M olive Pool 


The Church-McElroy pool produced 12,870,093 bbl. of oil in 1929. 
Its total production since March 1926 of 57,267,380 bbl. gives a total 
average per acre yield of 20,452 bbl. considering each of the 280 wells 
as draining 10 acres. The northern part of this field (Church) is almost 
completely drilled up, while the southern part is being held as a reserve 
by the Gulf Production Co. Total recovery per acre from this field is 
estimated at about 30,000 barrels. 


Howard-Glasscock Pool 


During 1929 the Howard-Glasscock pool produced 15,083,109 bbl. 
of oil, nearly three times as much as all previous total production. The 


* Ray V. Hennan and R. J. Metcalf: Yates Oil Pool, Pecos County, Texas. Bull. 
Amer. Assn. Petroleum Geol. (1929) 18, No. 12, 1509-1556. 
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total production to date is 21,010,000 bbl. from about 416 wells. Esti- 


‘mates on recovery per acre are not available at this time, since there are 


five different producing horizons, each confined to certain localities. 


Some leases are producing from as many as four different pays. Esti- 


mates for total ultimate recovery per acre vary from 10,000 to 25,000 
bbl. Two of the pay horizons are above the top of the Big Lime, and 
three are below. They are generally listed as the 1300, 1800, 2200, 
2500 and the 3000-ft. pays. Of these, the upper two are sands, producing 
a sweet oil of 33° to 34° gravity. The others are dolomitic, producing 
oils ranging from 26° to 33° gravity. In general the gravity decreases 
and the sulfur content increases with depth. This field should show a 
material increase in production during 1930 unless held iin “check 
by proration. 


SUMMARY 


Oil or gas was discovered in 15 different localities during the past 
year in West Texas and southeast New Mexico. Up to the present time, 
however, no one of these discoveries has been proved to be of major 
importance. It is known that several are definitely inconsequential, 
while the others are still in an undeveloped state. The total production 
from West Texas and southeast New Mexico in 1929 was slightly greater 
than in 1928. Indications are that unless the proration runs in the 
Yates field are increased, there will be a small decline during 1930. The 
Hendricks pool has definitely passed its peak so that in 1930 it should 
produce considerably less than it has in 1929. The Yates field, on the 
other hand, has now its greatest potential production—over 5,000,000 
bbl. per day. No doubt, in order to keep the pipe lines at capacity, the 
production allowed from this field will be increased. 

The production during 1928 and 1929 forms the great bulk of the 
total oil recovered in West Texas. The 1929 production alone amounts 
to about 40 per cent. of the total oil produced in this area since discovery 
9 years ago. (Fig. 2.) 

The 8500-ft. well in the Big Lake pool has gradually increased its 
production from 1000 to about 2700 bbl. per day of 56° gravity oil. 
Other wells recently drilled nearby indicate that a new deep field has 
been discovered, 

During the next few years, probably there will be a renewed activity 
in search of oil at depths below 8000 ft. There are numerous localities 


“where such drilling is contemplated and will no doubt be started when 


conditions warrant. 

The development in southeast New Mexico has shown that the great 
East Lea County high, extending for 30 miles northward from the Hen- 
dricks pool, is not going to be as prolific an oil producer as was expected 
about a year ago. Recent tests have shown a tremendous gas reserve 


hes 


shown some EIR ek ser AG a major oll fi field. ier pay pela vi 
been discovered and favorable structural conditions have been par 
outlined. Several wells now drilling should prove or disprove the impor- 

tance of this area. Should large wells be completed, there will be a heavy a 
drilling campaign with a period of considerable flush production. At the — Ba 
present time there is no outlet for the oil, but several pipe line companies a 
are postponing development until the magnitude of the field is Hanee 
nitely proved. se 


As a whole, West Texas and New Mexico have wigineaiied asteady — 


and even production during the past year of about 370,000 bbl. per day. — 
Such production has been possible because of proration agreements and 
the nondiscovery of any major field requiring immediate drilling. 
The total oil produced in West Texas to date is 335,181,325 bbl., 
of which 124,211,518 bbl. were peogge in 1929 and 120,651,932 bbl. 
in 1928. 
DISCUSSION 


A. R. Drentson,* Fort Worth, Texas (written discussion).—Production for Texas 
increased more than 55,000,000 bbl. during 1929, which represents more than 17 per 
cent. increase. Production in West Texas and New Mexico increased approximately 
4,000,000 bbl., which is slightly more than 3 per cent. The above figures indicate 
very clearly the results of restriction and proration of the large fields in an important 
district. The potential production. of this area was sufficient to have produced 
perhaps twice as much oil as was actually taken from the ground. Without restrict- 
ing measures it could have easily caused a serious overproduction for the entire United 
States. The most important field in this territory, namely, the Yates pool, has been 
under restriction since discovery and all other fields are prorated as soon as they appear 
to have major proportions. Exceptional cooperation has been the main factor in the 
success of these restrictive measures and it is perhaps not beside the point to say 
that no field can be developed in West Texas which would. seriously threaten the 
market structure, 

While 1929 was a year of numerous new oil discoveries in this territory, the close 
of the year found none of these which demonstrated new structural conditions which 
were the equivalent of that present in the known fields of prolific production. Several 
of these discoveries are represented by only one well, hence, further drilling may 
indicate favorable structural conditions. At the beginning of the year, however, the 
outstanding of the numerous discoveries was that by Penn et al. No. 1 Abrams in 
sec. 7, block 44, T.388., T. & P. Survey, Ector County. This area has five drilling 
wells, which if completed as producers, will stimulate an active drilling campaign due 
to lease ownership being in small tracts and the fee largely owned by the University 
of Texas, which has adopted an aggressive development policy on its lands. 

Of unusual significance was the discovery of Granite beneath the Permian Basin 
by the Shell Petroleum Corpn. at slightly below 5000 ft. in its No. 1 University in 
sec. 23, block 26, University lands, Pecos County. This well was structurally high 
on the Big Lime, but found only water. This discovery may lead to entirely new 


* Division Geologist, Amerada Petroleum Corpn. 
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conceptions regarding the deeper structure underlying the basin which will be the 


_ forerunner of a new prospecting campaign. 


Even though two other wells were partly completed in the Big Lake field in the 


 8000-ft. pay the significance of this discovery is yet unknown. Active prospecting 


for this deep horizon, underneath other productive structures, will probably be delayed 
until the basin has been more thoroughly prospected for the producing horizons of 


, ia lesser depth. At this time, however, it probably is safe to say that only the surface 


has been scratched in so far as the producing possibilities of the West Texas Basin 
are concerned. 

The outstanding extension to any producing field was that of the Howard-Glass- 
cock pool. The completion of Glasscock Brothers No. 1 Edwards in sec. 18, block 33, 
7T.28., T. & P. Survey, Glasscock County, appears to extend the present producing 


field for another 3 miles. This gives a total productive length of 17 miles for this 


unusual field. Along this length numerous producing horizons are known. Except 
for the central portion, formerly called the Roberts pool, little effort has been made to 


- produce from more than one of the known horizons. A large area at the east end of 


this field remains to be tested in the lime. The western portion has largely exploited 
the upper pay in the lime, while the lower pays remain to be tested. The sands above 
the lime in the central and western part of the field have not been thoroughly explored. 
No production and only a few wells have been drilled below the 3000-ft. pay in any 
part of the field. Hence, the lower possibilities are entirely unknown. 

Lea County further demonstrated in 1929 that it contains structural conditions 
highly favorable for oil and gas. At the close of the year the wells completed were all 
below 1000 bbl. in initial production, except in the Lea area. It is believed that 
production, where found, will be in relatively narrow elongated pools and it is quite 
possible that the wells drilled to date, which are widely separated, may have failed to 
uncover the richest part of the productive area. Deeper penetration of the lime 
in some wells has demonstrated that a great many wells completed for gas have not 
been drilled deep enough to test the best possibilities for oil production. The exten- 
sion of the Texas and New Mexico Railroad from Cheyenne in Winkler County 
northward through Eunice and Hobbs into Lovington and the extension of the Sante 
Fe Railroad from Seagraves, Texas, into New Mexico, are expected to stimulate 
drilling development. One pipe line has been projected from the Winkler area 
northwestward into Lea County and it is believed that the extension of other pipe 
lines into Lea County only awaits the development of a single prolific area. The 
coming year should see more active development in Lea County with a greater 
expectancy of large initial production than was the case in 1929. 


E. L. Esraproox,* New York, N. Y.—What is happening in Yates pool? What 
are they finding out about the nature of the reservoir—are there large, cavernous 
openings? And how is the well pressure acting; is it remaining constant or showing a 
decline? Has edge water come in and taken any of the edge wells, as it did in the 
south fields of Mexico? If there are large cavernous openings the conditions would 
be similar to the Golden Lane in Mexico, where there was a spectacular movement of 
the water to some of the big wells. Has that happened in Yates? 


C. P. Warson,t Fort Worth, Texas.—The situation in the Yates field has been 
greatly benefited by the fact that there has been a uniform exploitation of the field 
over the entire producing area. We know there is edge water on the southeast 
side, and also on the north side, and there is bottom water, because wells on top of the 
structure have drilled into it and have plugged back. 


* Consulting Petroleum Engineer, Pan American Petroleum & Transport Co. 
+ President, Federal Royalties Co. 
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C. P. Warson.—Some of her are. 
; E, L. Estaproox.—How about the well pressure in the field? 


C. P. Warson.—No noticeable change at all. It is a seiadica bie field Y 
production at depths of 1000 to 1700 ft., according to the topographic location of 

_ well; and beyond that they consider with great favor the possibility of deep pet ” 
in the so-called Pennsylvanian Series at Big Lake. ka ; 


S. Sr. Cuair,* New York, N. Y.—What are they pine to get per acre fre om 
those fields? 


C. P. Warson.—About 15,000 bbl. I believe. 


8. Sr. Crarr.—I understand that the Winkler pool up to the A 2 time avi 
produced a little less than 11,000 bbl. per acre? 


C. P. Watson.—The trouble there is that the east side of the Hendricks field, 
although structurally high, has produeed insignificant amounts of oil as compared to — 
the portion of the field on the west flank, with the result that when the entire area is 
taken into consideration the per acre yield is abnormally low. Individual tracts of 
land in the Hendricks field have produced as much as 50,000 barrels. 


» Je 7 
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§. Sr. Cuarr.—Are they estimating that the Yates pool may do that much on at 
least alarge part of the dome? If so, we can get those very high figures, but we cannot 
if we cut it down even to what the Big Lake pool has produced, that is somewhere 
around 23,000 bbl. I have often wondered if those high estimates are not like some 
of our underestimates on the total oil in the United States. Discovery of lower sands, 
however, may give the field the high production predicted. 


C. P. Warson.—The maximum recovery that I have heard is 50,000 bbl. per acre 
for the Yates field, and those estimates have been put out by conservative individuals. 


“vS. Sr. Crarr.—Up to a short time ago they were figuring that Oklahoma City 
in uld probably do 40,000 or 45,000 bbl. per acre. I believe that has been cut almost 

half recently. I am wondering, if they draw on some of those West Texas pools, 
whether the estimates will not come down equally quickly. You said that probably 
the sands in the East Texas area might yield from 50,000 to 75,000 bbl. per acre? 


C. P. Warson.—Yes. The basis for these estimates on total per acre yield in 
Kast Texas reflects the thickness of the Woodbine sand. The Powell field produced 
30,000 bbl. per acre over its proved limits, from approximately 40 ft. of Woodbine 
sand. With a greater thickness of sand in the Van field, they have revised their 
estimates of recoverable oil to a higher degree. 


——-_ oe ee ee 


* Consulting Geologist. 
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8. Sr. Cuarr.—If the gas pressure is there to bring it out. 


C. P. Watson.—This field is under unit operation and is going to be exploited 
on the most economical basis, probably, of any field hitherto. 


8. Sr. Cuarr.—But your statement would not cover all of the East Texas fields 
even though production comes from the Woodbine sand? 


C. P. Watson.—No, my remarks referred specifically to the Van field. There has 
been a plan on the part of several operators in various producing fields to pool together 
and drill deep tests on each one of the structures, in the Hurdle field, in the Hendricks 
field, and also in the Powell field in Crockett County. 


es a Kot Liat 
WOME 
= stat é year sour 


Developrent in East Texas and ce ik Bale 
Lone 19295 can Vs Ae ae 


By F. E. Povutsen,{ Fort Wane Tex. “anit vol 


Tue discovery of two new fields, Van, in East renal sit 
Creek, in the Balcones fault zone, is the outstanding developme 
1929. The first six months was one of the most inactive periods in 
history of East Texas. Five of the interior salt domes, which had been — 
so eagerly sought as a result of the Humble Oil & Refining Co.’s strike on 
the Boggy Creek dome in 1927, were drilled with discouraging results, — 
and the Boggy Creek field itself had fallen far short of expectations. a 
Kelsey, a structure of considerable magnitude and extent in Upshur 
County, was equally disappointing; the Amerada Petroleum Corpn. ‘sa e 
initial test on this structure was dry. The situation improved in the sf 
| latter half of the year. On Oct. 13, 1929, the Pure Oil Co. discovered _ 
; the Van field. This gained for East Texas a permanent place in point 
of future potential production. 
There was a similar reaction in the Balcones fault zone. The Salt 
Flats (Bruner) field, the important discovery of 1928, proved its rating 
as a second Luling, but on account of repeated failures to extend the __ 
productive zone, wildcatting during the first half of 1929 in the Luling 
district was dilatory. In July, however, Darst Creek, a third fault-line 
field of majori mportance producing from Edwards limestone (Lower 
Cretaceous), was discovered. Retarded as development in this field has 
been by various attempts at proration, interest in the Balcones fault zone 
fields centered on Darst Creek as the year 1929 drew to a close. 


DEVELOPMENT IN East TExas 
Fields Discovered during 1929 


Van.—The discovery well, Jarman No. 1 of the Pure Oil Co., is near 
the town of Van in the southeastern part of Van Zandt County, Texas. 
It is 55 miles northeast of the Powell field in Navarro County and 45 
miles west of north from the Boggy Creek field in Cherokee and Ander- | 
son counties. 

Early in 1927, the Van area was submitted to seismographic explora- 
tion and outlined as a large anticline, the apex of which seemed to be 


* Published with permission of T. Wasson, Chief Geologist, The Pure Oil Co. 
t District Geoloist, Pure Oil Co. 
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_ just north of the town of Van. Later, a detailed survey of the areal and 


_ structural geology of the region indicated that Van was located on a 
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large Wilcox (Eocene, Tertiary) inlier, surrounded by younger Clai- 
borne beds. 
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Fig. -1.—Oim AND GAS FIELDS, SALT DOMES AND IMPORTANT STRUCTURES IN East 
TEXAS AND BALCONES FAULT ZONE. 


Core drilling which began on the Van structure in January, 1929, on 
locations established from the geological and geophysical surveys, was 
completed in July, 1929. In some of the core holes on top of the dome, 
oil and gas at shallow depths were encountered, the best showings being 
in the Nacatoch sand (Upper Cretaceous) which lies between depths of 
1100 and 1300 ft. The coring confirmed earlier geological and geo- 
physical work in indicating a domed anticline of great magnitude. Four 
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Tunnel No. 2, were seers oH “anigen “Utne tei 

The maximum amount of Woodbine panieben bide is 320 ft. iil 
= known how much more of the formation is present. In ’ 
ee the top of the pay in the Woodbine was reached at 2426 ft. 
depth of 2666 ft., 143 ft. of saturated sand was found. This 
in saturated sti to its present depth. The thickness of thi 
sand bodies in the Woodbine varies from a few feet to at least 87 ft. 
lowest sand body in Tunnel No. 1 was penetrated 87 ft. and t! 
appeared to be no change in character or saturation at the depth at whit ho 
the well was completed. oS 
The Van field is primarily a large uplift on the top of which thee . 
considerable faulting, but it is believed that in addition to the ‘autad oe a 
there are structural complications due to squeezing of the less competer 
. beds. The structure appears to be uplifted approximately 2000 ft. 
above normal and its influence on subsurface beds is reflected for fe 
least 20 miles from the top of the structure. A 
The average gravity of the oil is 35.8°. It is a sweet oil, havinga — 
higher paraffin content than is found in the Woodbine sand in the Mexia-~ _ 

Powell fault-line fields. The field is being operated under a unit plan — 
by which the Pure Oil Co., which has been conceded 85 per cent. of the © 
probable productive acreage, has complete charge of all development. __ 
The average time from the beginning to the completion of a well in 
the field is one month. Since no water has been encountered on the 
structure, surface pipe is set at depths between 200 and 300 ft.'and 7-in. 
(o.d.) casing just above the Woodbine sand. A 10-in. pipe line has been 
completed from the field to a 70-car loading rack on the Cotton Belt R. R. 
at Chandler, 18 miles south. As soon as the field is more definitely 

outlined, the line will probably be extended to the Smith’s Bluff refinery 

of the Pure Oil Co. near Beaumont. 
Shelby County —Active interest in Shelby County was revived for a 
short time early in 1929 when Pickering Lumber Co. No.1 of the Gulf 
Production Co., 9 miles northeast of Shelbyville and 8 miles north of the 
old Pickering (challow) field, encountered 4,000,000 cu. ft. of gas and 
154 bbl. of 37.8° gravity oil from a new horizon at a depth of 3382 ft. 
The location was made on a supposed magnetometric high. After 
being deepened with hope of increased production, the oil and gas 
decreased, and the test was finally completed at 3440 ft., making 30 bbl. 


of oil and 4,000,000 cu. ft. of gas. Subsequent wells in the area missed 
production. 
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Fields Discovered Previous to 1929 


a 


Boggy Creek (Salt Dome).—Boggy Creek is in the Neches River Valley, 
in Anderson and Cherokee counties 10 miles west of Jacksonville. The 
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field was discovered in 1927 and became the first productive interior 


salt dome in Texas. It has been developed slowly by the Humble Oil & 
Refining Co., which controls the acreage in a large block. Boggy Creek 
is unusual in that production is confined to a narrow strip one location 
wide and 4 miles long, along a line which strikes southwest from the dome. 
Faulting is undoubtedly a factor in the accumulation. Production is 
from the Woodbine (Bingen) sand (Upper Cretaceous), and is found at a 
depth of approximately 3700 feet. 

In February, 1929, the pipe line for the Humble Oil- & Refining Co. 
was completed—an 8-in. line from the field to Groesbeck in Limestone 
County, where it joins the Humble’s trunkline system extending south- 
ward to the Gulf Coast—and the running of crude commenced.. The 


_ wells were opened after having been choked for many months. Previous 


to the opening of the wells the daily production of the field was 3575 
bbl., and a 24-hr. gage after some of them were opened increased it to 
5100 bbl., the largest day’s production the field has had. Since the wells 
which were opened started immediately to increase in percentage of salt 
water, they were again partly choked. 

At the close of 1929, the daily average production was 3778 bbl. from 
19 wells. There are also three gas wells in the field. Twenty-nine dry 
holes have been drilled. The largest well to date in the field, Todd A-1, 
produced 380 bbl. per hr. through 34-in. choke, initial production. 
Boggy Creek has produced to date a total of 1,500,000 bbl. of oil. 


Prospects Discovered Previous to 1929 


Bethel (Salt Dome).—This interior salt dome is in Anderson County, 
20 miles northwest of Palestine, and 2 miles south of the village of Bethel. 
It was discovered in 1927 by a Pure Oil Co. seismograph party. - Wildcat 
drilling on the Bethel dome was continued into 1929; four wells drilled 
by the Pure Oil Co. jointly with the Humble Oil & Refining Co. and the 
Gulf Production Co. have been abandoned. 

Bullard (Salt Dome)—Wildeat drilling on the Bullard dome was 
continued into 1929. Four wells have been drilled to date by the Gulf 
Production Co. without encountering production. This interior salt 
dome is in the southern part of Smith County, Texas, 2 miles northeast 
of the town of Bullard. The dome was discovered in 1927 by a Gulf 
Production Co. seismograph party. There is practically no Woodbine 
sand logged in the wells and no showings of oil or gas were reported. 

Hainesville (Salt Dome).—The Hainesville dome is in Wood County, 
Texas, 5 miles northeast of Mineola and south of Hainesville. Its exist- 
ence was confirmed in 1927 by a Gulf Production Co. seismograph party. 
Only one test has been drilled; it encountered salt at 1228 ft. without 
showings of oil or gas. This well was abandoned in salt at a total 


depth of 1261 ft. 
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Sand Flat.—Sand Flat structure is in northern ‘Smith Cour 
miles north of Tyler, the county seat. It was discovered, block 
drilled by the Amerada Petroleum Corpn., Christian No. 1 in 
Flores survey being the first and only test drilled to date. Sand Fle 
an anticline just east of the axis of the East Texas geosyncline. It 
discovered by surface work and later checked by seismograph explor 
tion. Christian No. 1, on the north flank of the structure near the ape 
penetrated good bodies of Nacatoch and Woodbine (Bingen) sands. — 
- Slight showings of oil were reported at depths between 4700 and 4800 ft. _ 
when the rotary samples were tested with ether. The top of the Wood- 
bine (Bingen) sand was encountered at 4720 ft.; the red shales of Wood- — 
bine age were reached at 5025 ft. and the well was abandoned at 5400 i, 
ft. in gray sand. ; 

Kelsey.—Kelsey structure is in the west central part of UpshurCounty, 
6 miles west of Gilmer, the county seat, near the town of Kelsey in 
the J. H. Field survey. It was mapped and leased in the summer of 
1928 by the Amerada Petroleum Corpn. ‘ 

Kelsey is a large anticline, indicated on the surface by an inlier of _ 
Wilcox (Eocene) surrounded by younger Claiborne formations. Subse- 
quent to the discovery of the surface structure, the Amerada Petroleum — 
Corpn. checked the dome with seismograph. Wade No. 1, the first and 
only test drilled to date, was commenced in March, 1929, and abandoned 
in October at a total depth of 6153 ft., probably in the Glenrose (Lower 
Cretaceous). This well is near the apex of the dome. 

La Rue—The La Rue structure is in the eastern part of Henderson 
County, 13 miles southeast of Athens, the county seat, near the village 
of La Rue. It was discovered in 1927 by a Roxana Petroleum Corpn. 
seismograph party. Surface expression of the structure is somewhat 
vague, but some think that it is a deeply buried salt dome. Further 
exploration work by core drilling is being done at the present by the 
Shell Petroleum Corporation. 

Blackfoot-—The Blackfoot structure is in the northwestern part of 
Anderson County, 18 miles northwest of Palestine, the county seat, 
and near the village of Blackfoot. It is approximately 6 miles northeast 
of the Bethel salt dome. This structure was discovered by surface 
geological work of the Humble Oil & Refining Co. Reklaw beds (Lower 
Claiborne) are exposed on the crest of the structure at a considerable 
distance east of the normal outcrop, indicating uplift. The structure 
is also complicated by faulting. The structure has not been tested. 

Other Structures—Many other structures have been reported in East 
Texas in the last months of 1929 but they have not been confirmed. 
Subsequent to the Van discovery, a gigantic leasing campaign was 
launched along a trend northeast and southwest from the Van structure, 
including parts of Freestone, Anderson, Henderson, Van Zandt and ~ 
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Wood counties. As a result of the innumerable blocks of acreage 
assembled, some of which entail drilling contracts, many wildcat wells 


will be started within the next year. 


Prospects Discovered during 1929 


Teak County.—Early in 1929, the Sun Oil Co. discovered what is 
believed to be another salt dome, 314 miles northwest of Marquez, in 
the northwestern part of Leon County The dome is indicated on the 
surface by a circular black prairie, in a characteristically wooded, sandy 


region. The Navarro formation, Upper Cretaceous, is reported to 


outcrop on top of the dome, surrounded by Midway and Wilcox (Eocene) 
beds. Seismograph detail work is to be done by the Sun Oil Co. on the 


prospect early in 1930. 


DEVELOPMENT ALONG THE BALCONES FAULT ZONE 
Fields Discovered during 1929 » 


Darst Creek —The most important discovery of the year along the 
Balcones fault zone is the Darst Creek field. It is in north-central 
Guadalupe County, in the Jacob C. Darst survey, 6 miles southwest 
from the Salt Flat (Bruner) field. The discovery was made on July 18, 
when Dallas Wilson No. 1 of the Texas Co. produced 1200 bbl. Oil 


‘was reported in the Austin chalk before production was discovered from 


the Edwards limestone (Lower Cretaceous), which is the principal pro- 
ducing horizon. Most of the acreage in the field is owned by a few of the 
major oil companies, therefore development has been slow while overtures 
for a proration program have been made to curtail production. Credit 
for the discovery goes to Dilworth Hager, geologist. 

Darst Creek resembles Salt Flats and Luling long, narrow fields 
along the trace of faults. The oil in these fault-line fields is practically 
the same gravity and is found at about the same depth. The top of the 
Edwards is 2605 ft. in the discovery well. The initial production of the 
best wells in the Darst Creek field is approximately 2000 bbl. 

At the close of the year, there were 12 producing wells in the field, 
with a total daily average production of 11,350 bbl.; six dry holes have 
been drilled. The productive area thus far extends over a distance of 
614 miles and is northeast of the discovery well. Over 30 wells were 
drilling at the close of the year, with the limits of the field still undefined. 

Mount Calm.—On June 21, 1929, Harper & Latson’s wildcat, Jones 
No. 1, in the A. C. Graves survey, in the southeastern part of Hill County, 
14 mile west of Mount Calm, produced 125 bbl. of 31.3° gravity oil on 
the pump from the Austin chalk between 680 and 688 ft. Since several 
offset wells were subsequently drilled and missed production, the area 
has not fulfilled early promises. Numerous wells were drilled to the 
Woodbine sand, in which salt water was encountered without shows of 
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practically no drilling during 1929 within the Woodbine sand fields along 
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oil. At the close of the year, there were only, three m 
pool, all producing from the Austin, with a total stele 
38 barrels. vw be ttese’s 


Fields Discovered Previous a 1929 


Production From Lower Cretaceous (Edwards Limestone).—The out E 


north of the town of eae Previous to the Geter vebae of reodtatietg in 
the Edwards limestone, some oil had been produced from the Austin chalk. 
The field became prominent, however, when Edwards production was 
found by the Sun Oil Co.’s Malone No. 1, in October, 1928. It is ihe 
second Edwards limestone field on the fal line. Ae 

Much of the productive acreage is split into small holdings, REE .. . 
a curtailment program impossible. The field was rapidly developed, 
because only 10 days were required to drill a well from spudding to com- 
pletion. Production reached its peak in June, 1929, when 245 flowing 
and pumping wells produced 1,495,740 bbl., or an average of 49,858 bbl. 
daily. A comparatively uniform decline occurred during the latter half 
of the year. The daily average production at the close of 1929 was — 
27,710 bbl. from 397 wells. 

Very little drilling was done in the Luling field, and it had a steady 
decline. The total daily average production at the close of the year was | 
9390 bbl. from 583 wells. 

Production from Upper Cretaceous (Woodbine Sand).—There has been 


SS eae 


the Mexia-Powell fault zone; consequently production has steadily 
declined. Table 1 gives the comparative production in the fields for 
1928 and 1929, classified according to the producing horizon. 
Production from Upper Cretaceous (Navarro, Taylor, Austin)— 
Although most production in the Salt Flats (Bruner) field comes from | 
the Edwards limestone (Lower Cretaceous), some oil is still being pro- 
duced from the Austin chalk, at about 2300 feet. 
Another upset of the year is recorded in the history of Norwood 
No. 1, of the Empire Gas & Fuel Co., which is near Ottine, in the north- 
ern part of Gonzales County, near the Caldwell County line. This 
well came in for 500 bbl., from a depth of 3790 ft., in the upper part of 
the Austin chalk. Since production declined after a short time to 100 
bbl. per day by pumping, it was deepened in the hope of obtaining oil 
in the Edwards limestone, but salt water was found, and the well was 
plugged and abandoned at 4269 ft. Although offsets were drilled in 
every direction from Norwood No. 1, none found oil and the area 
was a disappointment. Nearly a duplication of the record of this well 
was experienced later in Manford No. 1, of Simms Oil Co. and Penn Oil 
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Tanne 1—Production in Fault-line Fields, 1928 and 1929 
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Field | County — 1928, Bbl. 1929, Bbl. 
Woodbine Sand — 

Powells Rae. Navarro 3,968,655 2,776,615 

Mexixa Aatucr class: Limestone 2,517,744 1,908,247 
Limestone 

Worthamss «sce eo sees Navarro 647,572 410,810 
Freestone 

Richland-Currie........ Navarro 394,741 289,721 

Nigger Creek.......... Limestone 221,850 119,043 

Cedar Creek ....cc5 3-5 Limestone 147,468 40,832 

Boggy Creek........... Cherokee 320,006 1,135,586 

_ * Minerva-Rockdale....| Milam 310,314 235,893 

Edwards Limestone and Serpentine 

Salt Flats (Bruner)..... Caldwell 392,320 13,539,624 

WALD Gin avec rok Geiacsls ss Caldwell-Guadalupe 5,023,748 4,106,808 

Darst Creek.......°... Guadalupe 260,643 

Lytton Springs}........ Caldwell 477,610 350,478 

5 Dra (Sit Deseticee ieee nearer 8 Caldwell 325,812 172,393 

VQRHIE eRe neon See eee Bastrop 10,252 478,214 


_ formation (Upper 


* Nacotoch? (Navarro). 
+ Serpentine. 


Co., southwest of the city of Luling, in the north end of Darst Creek field, ° 
both wells producing from crevices along faulting. 

Very little new drilling has been done in the Somerset field, the only 
well of importance being a test of the Edwards limestone. Decline is 
slow in this old field, which has been producing for 15 years from the 
Navarro and Taylor formations of the Upper Cretaceous. The daily 
average production was 1746 bbl. at the close of the year. 

An interesting bit of development in the old Minerva-Rockdale 
pool, which has produced over 3,000,000 bbl. of oil from the Navarro 
Cretaceous), is a deep test to the Edwards 
limestone (Lower Cretaceous)—the first deep test to be drilled in the 
shallow pool. Milton Phillips No. 1, of Texas Petroleum Development 
Co., in the J. J. Chambers survey, in the center of the pool, 600 ft. north 
of No. 14 abandoned, was dry and abandoned at 3711 feet. 

Production from Serpentine—No important development occurred 
in the Yost pool, located in Bastrop County, 514 miles northeast of the 
Lytton Springs field. Production reached only about 3000 bbl. daily. 
Gravity of the oil is between 25° and 27°. The total daily average 


production at the close of the year was 773 bbl. from 22 producing wells. 
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Buchanan pool. The total daily average production for Dale-Buchar 


_ had no showings of oil or gas. 
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Buchanan’s well found the serpentine at 1740 ft., fond se 
50 bbl. in 12 hr. Later the well was deanened: to 2050 ft. oe was 
in serpentine. Texas Company’s Cude No. 1 found the serpentine 
1824 ft. and at 1836 ft. it blew out. This was the second producer 
the pool. At the end of the year there were but four wells in the 


at the close of the year was 626 bbl. from 40 producing wells. P 
Very little development was done in the Lytton Springs field and pro- Bia 

duction steadily declined. The total daily average at the end of the as iS 

year was 872 bbl. from 28 producing wells. eh Me 


Development during 1929 for Trinity Sand (Lower Cretaceous) Production. 


Mexia.—Deep drilling for Trinity sand production in the old Mexia aa 
field was continued into 1929. Trinity Oil & Gas Co.’s Thompson No. 5, 
approximately 1000 ft. west of the Mexia field, was abandoned in the 
late summer. ‘Trinity sand is reported from 5711 ft. to the bottom of 
the hole, which is about 6060 ft. There were showings of oil at 5600 
ft. in the base of the Glenrose (Lower Cretaceous), and also in the lower | 
section of the part of the Trinity that was penetrated. 

Kelsey (Upshur County)—When the Woodbine sand was found to 
be dry in the initial test, Wade No. 1, on the Kelsey structure, the 
Amerada Petroleum Corpn. determined to carry the well to the Trinity 
sand. It was abandoned, however, in October, 1929, at a depth of 6153 
ft. without reaching the basement sands of the Trinity. The Paluxy 
sand (Lower Cretaceous), however, was encountered at 4967 ft. but it 


DISCUSSION 


C. P. Warson,* Forth Worth, Texas.—This paper by Mr. Poulsen reviews what 
apparently is destined to be one of the most important producing districts of the 
United States. The commercial significance of this area, the fact that it is within 200 
miles of tidewater, and the high-gravity oil encountered in the Van field at a depth 
of 2500 ft., are all contributing factors. The geologists contend that the normal 
depth of the Woodbine sand in that immediate area should be about 5000 ft., thereby 7 
indicating an uplift of 2500 ft. The sand has a thickness of more than 200 ft., accord- 
ing to actual penetrations that have been made. The extent of the field is 5000 acres, 
and estimates of recovery are between 50,000 and 75,000 bbl. per acre. This is 
probably destined to be an extremely important producing field of the United States. 


* President, Federal Royalties Co., Inc. 


Pp etroleum: ievclopment in North Central and West Central — 
. . Texas during 1929 


By J. Warrnry Lewrs,* Fort Worts, Texas 


(New York Meeting, February, 1930) 


- Tuts review covers that portion of the area between the Llano 

; - mountains and the Red River which lies between Fort Worth and 

: % Abilene. The counties and fields included are listed in Tables 1 and 2. 
Te Dunes 1929 there was a marked lull in both prospecting and development 

in this part of Texas. Archer, Coleman, Cooke, Wilbarger and Young : 
were the counties most active. 
‘The total gross production of the year was 52,611,000 bbl., 3 per 
7s cent. more than for 1928. The production of the Coleman, Cooke- ; 


Taste 1—New Wells in North and West Central Texas with Initial 
Capacity of 50 bbl. or more, 1929 


ve - Initial Daily Initial Daily 
“J Discoveries Production, Discoveries Production, 
Bbl. Bbl. 
4 Archer County: | H. C. Shanafelt No. 1... 75 
HeHorrey No: 1% .3,.-o. 60 Palo Pinto County: 
; " W. H. Taylor No. 1...... | 180 1.0, HaptNo. es. os: 50 
7 A. D. Thompson No. 1... 100‘ ||Shackelford County: : 
J. M. Bloodworth No. 1.. 60 W. I. Cook 2-A.......... 275 
F Dek Wwalson Novela. 32005 150 Throckmorton County: 
Callahan County: R. M. Titus No. 1-B..... 60 
Maggie Alexander No. 1.. 100 Wilbarger County: 
| W.T. Waggoner No. 1... 110 
N. Jackson No. 1........ 184 Waggoner No. 1......... 425 
S Young County: 
Cooke County: 
MPETTENTSIOS ES e208? ciysus siasls 4320 W. H. Corbett No. 1..... 400 
J. F. Huggins No. 1...... 220 R. Morrison No, 1....... 115 
Eastland County: Mizzell-Perkins No. 1..... 200 
Maggie Gray NePr eis 850 Seddon No. 1........... 180 
_ Mrs. J. E. Kincade No. 1.. 150 E. F. Brown No. 1....... 55 
Foard County: J. Kissinger No. 1........ 85 
W. S. Tarver No. 1....... 228 INGE UnCM ONG = Lo sre analy or 200 
Jack County: J. K. Thomas No. 1...... 70 
BOSON Ons leer tecir piece eae 118 G. P. Stewart 1-B....... 30 


* Consulting Geologist. 
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Gas. 


Pro- | 


Pons | ducers | Wells % ures. 

Archer gas, fcr Ste sees | 606 | 274 
Baylorea ks tee eee bused kc 
BiO Wh ss Sos. seerene is ee 418! 203) 12; 203 eee 
Burkeburnett........... 43 | 32 iat 467 
Cae ban isc auie ieee | BST) ve ASihe <Bodnte 82 1,512 
Clave trent soba 53 PH fal ite 22 846 
Coleman,.......:.....- 288 | 124] 26] 188] 28,920 
Comanche............-. 10 4 by 5 105 
Cooke-Montague....... 211} 1387} 3 | 71) 23,3870) 
Eastland-Desdemona....| 175 56 17 | 102 4,539 
Electra...... Seipetenaee vag Des 187 | 100 | 87) 5,340} 
Brath *, 282 Tas 29 Pil Sasi Tap 
Hisher jun. eee coe 1 Bf 300 |. 
Hoard’. Cs Oia Bt) aga Be 7 4 | 665 
Graysons oni ofa te 3 13 5 oe 
Haskellinis. cease seer: 19 6 13 315 | 
OOS Beir weicver tke eas 2 2 ‘ 
Jacke tae We ieee nts oe 20 ial 1 8} — 1,480 
JONES Recess Ne aeteae i oe 
K.M.A. Iowa Park...... 327 | 230 97 | 138,713 
KO xen etree akin ee ae 2 2 
Mallisah sc Sok 3 Seo i 1 
RalosPintOe ener renin 43 ul. 14 18 450 154,000 160,400 
Barker eon each ae 2 2 ‘ 
Shackelford............ 809 | 1385 4 | 170 11,000 | 4,300,000; 3,433,850 
Stephens.............0. 84) 25| 15 | 44 968 | 2,318,000) 2,750,650. 
Throckmorton.......... 31 11 5 15 200 242,000} 343,900 
Walbargersetaacnmemcae 534 | 411 132 55,876 | 10,458,000) 8,004,950 
"YOUN Bios, gence aint eae 466 | 210 256 | -12,800| 2,716,000) 3,062,400 
Allothers: ..).s..0% Abd. on 100 50 50 15,000 300,000 455,150 

Moteilicstrccdiuss: Fyn gaua ess 4,117 |2,108 | 130 /|1,888 | 215,451 | 52,611,000) 50,948,746 


Montague, Jack, K. M. A., Iowa Park, Shackelford and Wilbarger 
districts was responsible for the increase. The other districts showed a 
decline, though successful repressuring in many pools materially aided 
in maintaining production. There were 4126 completions of which 2108 
were producers, 130 gas wells and 1888 failures. The ahi s initial 
production was 50 barrels. 

Most of the discovery wells drilled in the area during the year are 
given in Table 1. The outstanding features were the discovery of 
several important pools and extensions in Coleman County and the 
development of a pool in the bend in Cooke County. 
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| Archer County contributed nine discoveries with average initial 
productions of 50 bbl. The sands were of Cisco age and were reached 


at depths of from 1100 to 1600 ft. A total of 606 wells were drilled of 


which 274 produced. The total production was 6,668,000 bbl., slightly 


less than that of the preceding year. 


In Brown County repressuring in the Blake and Fry pools proved 
successful. Several extensions in the Cross-cut and Fry areas brought 
the production to above 10,000 bbl. daily. The total production for 
the year was 3,260,000 bbl., approximately 30 per cent. less than that of 
1928. Important gas reserves were also developed in the southern part 
of the county. i 

In Callahan County a new pool was discovered north of Baird, in 
a Cisco sand at 1000 ft. The initial production was 200 bb]. The 
daily production of the county averaged 3500 barrels. 

~ Coleman County produced 1,913,000 bbl. in 1929, a 100 per cent. 

increase over 1928. In December the daily production was 8500 bbl. 
The outstanding development included a northward extension of the 
Burkett pool where some 150 wells are producing from a sand at 390 
ft., the discovery of a new pool 12 miles south of Coleman where a 
200-bbl. well was encountered in a sand at 684 ft., and three discoveries 
of Canyon sand production in the southwestern part of the county. 

Most of the marked increase in daily production was furnished by 


- the Fry sand wells in the Eastland pool, seven miles northeast of Coleman 


and the Overall pool eight miles southwest of Coleman. Three wells 
with initial productions of greater than 2000 bbl. each were completed 
in the former. Recoveries in these two pools have already passed 6000 
bbl. per acre with indications of 14,000 bbl. ultimate recoveries. There 
have been several large gas wells in the Eastland pool, and another, the 
Texas American Syndicate Newton No. 2 in the northwest corner of 
the Gounty. This last mentioned well developed 15,000,000 cu. ft. at 
3800 feet. 

There are now 12 distinct producing horizons in the county, and the 
entire district is undergoing a continuous prospecting. A continued 
increase in production in the proven areas is to be expected during the 
coming year. 

In Cooke County interest is centering on the development of oil in 
the pre-Pennsylvanian near Muenster. The best well in this horizon 
had an initial production of 4320 bbl. at a depth of 1466 ft. The total 
production of the Cooke-Montague district showed a 20 per cent. increase 
over that of 1928. 

Comanche County is attracting interest because of a contemplated 
test of the pre-Mississippian, which is being handled as a joint venture 
by the Sun Company for 10 participants. The block consists of 33,000 
acres situated near Comanche City. 
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the ia a ihe county. yin 5 iy pra 
pool and the immediate vicinity where unit. repr 
practiced from the first. The year’s. production 
an increase of 866,150 bbl. over 1928. 

Wilbarger County produced 10,458,000 bbl. in 1929, nD 
of 30 per cent. over 1928. During the year there were 543 ec 
including 411 producers. It should be noted that the Chamber 
merce of Wichita Falls is raising a fund for drilling six wells to 6 0 
North Texas. 10d 

The Chamber of Commerce of Breckenridge is brenieiing a de 
in Stephens County, and everywhere there appears a growing = 
in the possibilities of the pre-Mississippian formations. — 

Young County was the scene of considerable successful predbene 
There were 12 discoveries ranging in depth from 557 to 4250 ft. The 
Bryson area was particularly active. The year’s production was 2,716 sino 
bbl., being cee. less than that of 1928. e ; 
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Petroleum Development in Southwest Texas during 1929 


By Orn G, Bewt,* Larepo, Trxas 
(New York Meeting, February, 1930) 
WHILE all of the Southwest Texas fields lie within the Gulf Coastal 


Plain this area may be divided into three subdivisions—the Coastal 
Plain zone proper, the Reynosa Escarpment zone, and the interior zone. 


The Coastal zone includes that strip adjacent to the Gulf of 


Mexico and extending inland for a distance of about 60 miles and 
includes the Palo Blanco, Palangana, Piedras Pintas, Kingsville, Agua 
Dulce, Saxet, White Point and Refugio fields. The Reynosa Escarp- 
ment zone includes a Pliocene overlap over older Tertiary sediments 
lying west of the Coastal zone. The western margin of the Reynosa 


formation forms a more or less well-defined westward facing escarpment — 


with which the so-called Reynosa Escarpment fields are indirectly related. 
These fields include those in eastern Zapata, eastern Webb, western 
Jim Hogg, western Duval, McMullen, Live Oak, Bee, Goliad and 
Victoria counties. The interior zone includes these fields west of the 
Reynosa Escarpment which are not in any way related to it and are on 
separate types of structure. 

Production data by fields and wells are shown in Table 1. 

Roma.—During 1928 the Texas Co. completed two small gas wells 
at 198 ft. on the Roma Structure near the town of Roma on the Rio 
Grande in Starr County. This gas is of no commercial importance but 
was used for fuel in drilling other deep tests on this structure. Three 
dry holes ranging from 3600 to 4200 ft. were drilled; then their No. 4 
Guerra, the fourth deep test, was completed during December as a small 
producer of 37° Bé. oil from a sand at 3560 to 3590 ft. No production 
was marketed during December but arrangements were being made to 
handle the output from this well during 1930. This is the first com- 
mercial producer in Starr County. 

Driscoll—In 1929, Robert Driscoll discovered gas on his Santa 
Rosalia Ranch in Duval County while drilling water wells. Two sands 
were developed, one at 2400 ft. and another at 2936 ft. and several 
gas wells were completed in each, ranging in volume from 15,000,000 
to 40,000,000 cu. ft. and in reservoir pressure from 500 to 1,000 lb. 
Early in January of 1929, Mr. Driscoll’s No. 14 Fee was completed as a 
50-bbl. oil producer at 2894 ft. ° Two other oil producers were completed 
early in 1929. Mr. Driscoll’s death early in the year curtailed develop- 


* Division Geologist, Humble Oil & Refining Co. 
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66, 555 bbl. fred beth tyslle Aemed fies ear, 
Escobas.—During December of this pateere 
his No. 1 Cuellar in Survey 285 on the Escobas Ranel 
the Cuellar field in Zapata County as a 30,000, 000-cu. ft. g 
reservoir pressure of 700 Ib. in a sand from 1664 to 1668 ft. 
oe probably opens a new pool in this part of Zapata ee 


New Poots 
TasLE 1.—Summary of Southwest Texas, Petroleum Fu elds, 1 
Total Pro- | Daily Pro- 
Field Production, , duction since | duction, 
1929, Bbl. Discovery, Dec, 31, 
Bbl. 1929,  Bbl. 
* 1929, Bbl. 

Albercas an... sae 943,494 1,656,185 1,169 80 | 14.6 
AVAALLOU Sonar steers mis 447,798 | 3,632,735 1,042 157 — «6.6 
Carolina-Texas..... 31,351 64,000 52 7 7.4 4} 0 
Cole-Bruni......... 638,866 | 1,198,706 1,042 51 20.4 | Oe a 
Charco Redondo....| , 42,115 84,497 118 121 0.9 0. - 
Cuellar aac tebe 201,890 231,993 1,498 25 59.9 0 
Driscoll tances oo 66,555 66,555 204 2 104.0 0 
Government Wells..| 550,933 586,572 1,908 48 39.7 0 
Henne-Winch-Fariss 37,455 | 2,838,643 178 59 3.0 83 
Kingsville.......... 117,150 472,560 250 9 27.7 3 
Kohletisiw.4sgceis oe 38,806 69,289 238 13 18.3 0 ; | 
Mirando Valley..... 27,058 395,797 62 17 3.6 7 
Mid-Ojuelos........ 224,844 | 2,086,747 242 52 4.6. 50 
Palapgene.caet ces 350 2,223 | None None 1 . 
Randado (including 

Alworth)......... 482,909 | 2,900,502 1,013 |. 1389 7.3 22 . 
Relugio «.<.eewesee: 2,106,055 | 2,176,647 | 17,592 78 225.0 - 0 
Schott-Mirando City; 289,820} 4,286,150 618 112 5.5 46 
WOlcOttt Awan were 33,647 485,785 91 20 4.5 “Gi 

TOGA aac ac See 6,281,096 | 23,235,586 | 27,317 990 = 341 


were, however, four other wells drilled in this area earlier in the year, one 
of which showed some oil and another some gas. 

Palo Blanco.—The Houston Oil Co. completed its No. 1 Lassiter in 
the Palo Blanco area of northwestern Brooks County in September as 
a gas well 4110 ft. having a volume of 40,000,000 cu. ft. and a reservoir 
pressure of 1600 lb. This structure was worked out by geophysical 
methods and the first test drilled was the.discovery well. One additional 
test was being drilled at the close of 1929. ’ 

Petius.—Early in the year Dr. H. E. Hewitt encountered about 
2,000,000 cu. ft. of gas with 1100 Ib. reservoir pressure in a 2600-ft. 
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sand in his No. 1 Ray near Pettus in northeastern Bee County. This 


well later went to salt water. The Moody-Seagraves interests took 


over the Hewitt tract during the year and in May drilled their No. 2 
Ray nearby which was completed as a 30,000,000-cu. ft. gas well with 


- 800 lb. reservoir pressure in a sand from 2830 to 2902 ft. This was the 


first commercial producer in Bee County. Their No. 3 Ray was drilled 


just across the line in Goliad County and was completed as a small gas - 


well making about 15 bbl. of oil per day from a sand from 4054 to 4062 ft. 
Their No. 4 Ray was a dry hole and two additional wells were drilling 
at the close of the year. 

_ At the close of December the Humble Oil & Refining Co. was com- 
pleting an oil well drilled by the Houston Oil Co. in this immediate 
area. The sand is from 3957 to 3971 ft. and the oil has a gravity of 
42° Bé. This will probably prove to be an important producing area 
in Bee County. It is not far distant from the Goliad producing area 
and possibly is on a similar type of structure. 

Goliad—F. P. Zoch completed his No. 1 Kaufman about 12 miles 
west of Goliad in Goliad County in December as a 25,000,000-cu. ft. 
gas producer with 1600 lb. reservoir pressure from a sand at 4216 to 
4230 ft. This well probably marks the discovery of a new producing 
area in northwestern Goliad County and is possibly similar to the 
Pettus area in Bee County. 


Oup FIELDS 


During the year two deep holes were drilled at Randado, one 5200 ft. 
and one 3180 ft., in an effort to find lower pay horizons in this field. 

The Refugio field has been by far the most active in this area during 
the year. It produces gas and oil from a 5200-ft. and a 3700-ft. sand 
as well as gas from several shallower sands. There were four producing 
oil wells at the beginning of the year and at the close there were 76 
producing gas wells and 22 dry holes within the field. There were 42 
wells drilling Dec. 31. 

At Kingsville, the Humble Oil & Refining Co. drilled one well, No. 
4 Flato, to 6922 ft. Several shows of both oil and gas were encountered 
but no commercial production wasfound. This is the deepest well so far 
drilled in Southwest Texas. One other dry hole and one gas well was 
drilled during the year. 

While there was active wildcatting in Maverick County during the 
year there was no important production developed. The Rycade has 
continued its exploratory work on the Chittem Ranch with two wells 
drilling below 5000 ft. Its No. 5 Chittem produced a total of 1500 bbl. 
from the Eagle Ford, then went dry and is being deepened. 
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The Albercas field opened early in 1928 and reached its peak b 
the beginning of 1929. During the year there were only 10 new 
ducing wells drilled and four dry holes. 


The Government Wells pool was developed in a normal manner with | j . 
x ae 


40 new oil wells, six new wells and four dry holes. 


The Agua Dulce gas field had five new gas wells drilled, idakree Se 
total of nine producers and several dry holes in the surrounding area. __ 
Late in the year the Moody-Seagraves interests completed an eve gas 


line outlet from this field which will stimulate activity. 

The old Jennings gas field and the Cuellar field, its southeastward 
extension which was opened late in 1928, were the center of some extended ~ 
exploration and development. In the Cuellar field there were 20 oil 
wells, six gas wells and seven dry holes completed. In the Jennings 
field there were two new gas wells and three dry holes drilled. 

The Henne-Winch-Fariss field was rapidly declining during 1929, 
with but two new oil producers, two gas wells and four dry holes. 

The Carolina-Texas field has yielded two new oil wells, three gas wells 
and four dry holes. 

In the Cole-Bruni field 30 new gas wells, six new oil wells and eight 
dry holes were drilled. 

The Dinn gas pool is in reality a northward extension of the eastern 
Cole-Bruni field. Development was resumed in 1929 and 10 new gas 
wells were completed. 

The Schott-Mirando City, Mid-Ojuelos, Wolcott, Aviator and Mirando 
Valley fields comprising the original Reynosa Escarpment fields, reached 
their maximum development in 1927, and no new wells of importance 
were drilled in these pools during the year. 

The Simmons City, Three Rivers, Crowther, Grubstake and Calliham 
fields form a series of shallow oil and gas fields of minor importance, with 
practically no activity during 1929. 

The Mount Lucas, Mathis and Worth gas fields were fairly quiet 
during the year. At the close of the year the Houston Oil Co. was drilling 
at 4000 ft. on a deep test in the Mount Lucas field. The producing 
horizons in these fields range from 1400 to 2100 feet. 

Palangana and Piedras Pintas, two old salt domes, were very quiet. 
One dry hole was drilled at Pisdrae Pintas. Some cap rock production 
was developed at Palangana during 1928 and continued in 1929. The 
Duval County Sulfur Co. is developing the sulfur resources at Palangana. 

In the White Point gas field, at the close of the year, there were 33 
producing gas wells in White Point and 12 in Saxet. The F. P, Zoch 
No. 1 Baldwin drilled early in the year marked a 2-mile extension south- 
ward from the Saxet field. 

At Nursery, the Humble Oil & Refining Co. began drilling a dee 
test which, at the close of the year was below 5000 feet. : 


a ee ae ee 


col pe ol one new 


ae and eight oa ett were pair in the 1800-ft. : ee 


The iGliseo Redondo field, a shallow pool, productive horizon 170 


a was very quiet. At the close of December there were 121 wells — 
‘ - producing 118 bbl. daily. 


The Leaseholders field, at one time a small and unimportant oil 
Bs Broa, was inactive during the year. 
site he, Alworth pool i in western Jim Hogg County i is a small and unimpor- 
tant. field producing from a 1000-ft. sand. During the year one 25-bbl. 


7s ee and one dry hole were drilled. 


Witpcat DRILLING 


In Goliad County several wells were drilled in the northwestern part 
of the county. The Humble Oil & Refining Co. was engaged in core 
drilling a large block of acreage in the northeast part of the county. 

In Brooks County, Amos Dinn and W. R. French have each drilled 


several shallow structure tests. Some of these French holes have been 


in Hidalgo and Starr counties. The Humble Oil & Refining Co. started 


a deep test late in December on the Alta Verde prospect in west central 


Brooks County. This area was first worked by the seismograph. 

In Dimmitt County the Texas Fall Gas Co. has drilled several tests 
down to about 1500 feet. 

In Live Oak County a number of tests have been drilled, some of which 
have gone below 4000 feet. 

The John Pappas Nos. 1 and 2 Cuellar, near Zapata in Zapata 
County, showed some gas at 1400 ft. but failed to make wells. 
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portion of the Permian Basin of Texas as well as a co’ 
of the western part of the Anadarko Basin of Oklahoma. 
of this report it will include in addition to the 20 entries 


: _ handle proper the two tiers of counties lying to the south, a oe i 
. about 32,000 square niiles. 
Crossing the Texas Panhandle diagonally fromiaactbtwaet to niwe - 
east is the Amarillo Arch, related to which is all of the production 
F discovered to date. #3; aye 


Or Propuction be yates 

Up to Jan. 1, 1930, the Panhandle has produced about 125,000,000 - ety 
bbl. of oil. The peak yearly production occurred in 1927, during which 
period 49,000,000 bbl. were produced. In 1928 the production fell to 
25,000,000 bbl., but in 1929, on account of important discoveries in Gray 
Coustinn the iad increased to 31,000,000 bbl. To date Hutchinson 

County has produced 64 per cent. of As total. Table 1 shows the total — 
yearly production by counties. : 


TaBLE 1.—Panhandle Gross Production* 


Carson, Gray, Hutchinson Moore, Potter, Wheeler, Total, 

Year Bbl. Bbi. Bbl. ‘| Bb. Bbl.’ | Bbl. Bol.’ ; 

‘ ft 
Before 1926 1,029,200 » 17,400 454,800 4,000 27,300 1,528,700 
1926 1,076,800 1,272,600 | 23,521,400 7,600 106,900 26,009,300 
1927 3,280,500 4,143,300 | 32,881,400 11,900 12,000 698,400 41,009,500 
1928 2,445,200 7,846,900 | 13,878,100 287,800 9,000 362,800 24,837,800 
1929 2,860,200 | 18,563,700 8,913,400 509,200 5,100 254,000 31,105,600 
Total....| 10,691,900 | 31,843,900 | 79,659,100 808,900 37,700 1,459,400 124,480,900 


Ss ee ee a ee ee ea eee te 
* Figures were taken largely from weekly production reports and should closely check pipe line 
runs. 


The present production of the Panhandle is 100,500 bbl. from 1745 
wells or an average of 57.6 bbl. per well compared to a production on 
Jan. 1, 1929, of 59,748 bbl. from 1468 wells or an average of 40.7 bbl. 
per well. The peak production of the year occurred during the week 

* Published by permission of Humble Oil & Refining Co. 

} Division Superintendent, Humble Oil & Refining Co. 
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_ ending Aug. 29, when a daily average of 137,365 bbl. was produced from 
- 1636 wells or 84 bbl. per well. The average daily production for the 
year was 85,200 bbl. from an average of 1690 wells or 50.4 bbl. per well. 

Due to shutdown agreements and proration Gray County production 

has dropped from a peak of 100,365 bbl. during the week ending Aug. 29 
to 64,173 bbl. as of Jan. 1. There is little question that Gray County ° 
production would have been maintained at somewhere near its peak had 
curtailment not been effected. 

The total initial production of Panhandle wells drilled in 1929 was 
257,700 bbl. from 350 wells or 734 bbl. per well as compared to 64,650 
bbl. from 185 wells or 290 bbl. per well for the year 1928. 

Gray County completed oil wells had an average initial production 
for 1929 of 988 bbl. or a total of 230,000 bbl. from 233 wells. 


CoMPLETIONS 


During 1929, 503 wells were completed in the Panhandle as compared 
with 357 completions in 1928. Of the 1929 completions 350 were oil 
wells, 111 were gas wells and 42 were dry holes. 

A total of 2501 wells have been drilled in the Panhandle to date, of 
which 1939 were oil wells, 364 were gas producers and 198 were dry 
holes, making the ratio of dry holes to producers about 1:11.6. 

As 53 of the 198 dry holes were drilled in nonproducing counties the 
ratio of dry holes to producers in the productive counties has been very 
favorable indeed; 7. e., about 1:15.9. 

Fifty-six producing oil wells were plugged and abandoned in 1929, 49 ~ 
of them in the lime-producing area of Hutchinson County where water 
encroachment has been extremely rapid. Eighteen producing oil wells 
were plugged for gas wells, seven of which were in Hutchinson County. 


Gas WELLS 


There were 111 gas wells completed in the Panhandle during the 
year. Their open flow capacity was 2,926,000,000 cu. ft. or 26,400,000 
cu. ft. per well as compared with 103 wells averaging 28,900,000 cu. 
ft. for 1928. The total number of gas wells completed in the Panhandle 
is 364; total yield, 10,235,000,000 cu. ft.; average yield per well, 28,100,000 
cu. ft. Forty-four producing oil wells have been plugged back for gas 
and should average possibly 15,000,000 cu. ft. apiece. 

Approximately 50 per cent. of the gas wells completed in 1929 were 
drilled in Wheeler County. No increase in the Panhandle gas area was 
effected by the year’s development, the general estimate being in the 
neighborhood of 1,000,000 acres. 

About 2 per cent. of the open flow capacity or approximately 200,000,- 
000 cu. ft. is being taken out of the area by pipe lines, the greater portion 
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one billion feet of gas is produced daily 
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CastneHEAD CAS teckes awe 

“Biéved basingitend gasoline plants were built during the 
total capacity of 160,000,000 cu. ft. Seven of these were in Gray Cc 
two in Carson, one in Wheeler and one in Potter. Three plants ¥ 
abandoned in Hutchinson County. The total number of plants increased ~ 
during the year from 44 to 52. There were 48 casinghead gasoline plants: Be. 
in operation as of Jan. 1, 1929, with a capacity of 991,000 ,000 cu. ft.; pens 
and four domestic gas ine plants with a capacity of 132,500,000 cu. uae ae ai | 
gas from gas wells. 


5, 
of Cisivehead “penhee is about 850,000 at or 52 per cent. ae than mS 
the average for 1928. . : 


CarBon Buack by 


Eight carbon plants with a total capacity of 200,000,000 cu. ft. of 
gas were completed in 1929 as against 10 plants with a capacity of 
177,000,000 cu. ft. in 1928. The number of plants now in operation 
is 23 with a total daily capacity of 447,000,000 cu. ft. The present 
output of carbon black is at the rate of about 120,000 tons per year, 
most of which is utilized by the tire industry. 


DRILLING . 


Of the 503 wells drilled in the Panhandle in 1929 about two-thirds 
were drilled with cable tools. In Gray County, however, there were 
169 drilled with rotary and 129 with tools. In the eastern half of Gray 
County and all of Wheeler County it is generally conceded that tools 
are the more satisfactory while rotaries are more generally used in the 
western portion of Gray County. 

Drilling costs, outside of Wheeler County, average around $30, 000, 
while pumping and lease equipment will amount to about $7,500 per 
well. Production costs on wells of the average size drilled to date should 
not be over 30 c. per bbl. The economic limit of production has been 
variously estimated at from 3.5 to 10 bbl. per well, depending upon water 
troubles, number of wells per lease, ete., which should give the average 
well a productive life of about 5 years. 
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CURTAILMENT PROGRAM 


During the last four months of the year it was found necessary to 
curtail both new development and existing production in Gray County 


‘because of lack of pipe line outlet. At the close of the year a prora- 


tion agreement was effected among the operators in the rather prolific 
_ Bowers and Finley pools patterned somewhat after the well known 
_ Winkler County Plan. 
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New DEVELOPMENTS IN 1929 


Carson County.—In the stubblefield area, along the Hutchinson 
County line in northeast Carson County, about 40 wells were completed 
for an average initial production of 225 bbl., the largest being 445 bbl. 
This production is from a sandy-lime horizon near the base of the Big 
Lime, and correlates roughly with the pay zone north of the Canadian 
River in Hutchinson County. The small initial production of these 
wells is undoubtedly due to lack of gas as their decline is apparently suffi- 
ciently slow to allow of an ultimate production equal to that of an average 
well twice as large. 

Hutchinson County.—In the latter part of May a rather promising 
area was opened up by the Continental No. 1-C Johnson in sec. 5, 
block 1, B & B Survey, 414 miles west ofthe Borger pool. At this point 
the top of the Big Lime occurs at about 1400 ft., which is the highest 
contour at which production has yet been found in the Panhandle. 
Moreover, the situation is rendered still more unique by the fact that 
the production comes from a sandy phase 1300 ft. in the Big Lime. 
The general thickness of the Big Lime on this contour has previously 
been found to be from about 750 ft. in Carson County to practically 
nothing in parts of Potter County. Nowhere else has this horizon been 
productive as it has been water-bearing where penetrated farther down 
the flank of the arch. 

Three wells have been completed to date in the immediate area 
with an average initial production of 1680 barrels. 

The structural position at this point would lead one to believe that 
folding had taken place along the arch considerably after the period 
of oil accumulation. 

Gray County.—The Marland Finley pool and the northeast extension 
to the Bowers pool in central Gray County were the high lights of 1929 
development in the Panhandle. 

The discovery well of the former area was the Marland No, 1 Finley, 
sec. 32, block B-2, H & GN Survey, which was completed on March 21 
at 2400 bbl. from granite wash at 2843-45. Sixty wells have been com- 
pleted in the pool with an average initial production of slightly over 
2000 bbl. The largest completion was the Phillips No, 4 Palmer with 
an initial production of 20,700 bbl. Although drilling has been retarded 
to a minimum the field is far from being defined. The recent completion 
of the No. 10 Coombs & Worley of the Wilcox company 1 mile north of 
the pool as a 2000-bbl. well together with the structural conditions to 


514 PHTROLEUM DEVELOPMENTS IN TEXAS PANI 


the south and east of the pool would indicate that the to 

area will, at a minimum, be three times that now producing. — 

_ In the northeast extension to the Bowers area 65 wells. averaging k 

1500 bbl. were completed, the largest of which, the No. 13 Bowers of 

the Texas Co., made 12,000 bbl. initially. af 
Peucioe from the Finley and Bowers areas lana Average between 

20,000 and 25,000 bbl. per acre. % 
The Saunders area east of the town of Lefors, although its discovery _ 


dates back a couple of years, is worthy of mention because of thetotal - 


for the year of 25 completions averaging about 800 barrels. 

In eastern Gray County the Chapman area was extended 114 miles 5 
to the northeast by the 1400-bbl. completion of the Scott Drilling 
‘Co. in the center of sec. 69, block 25. The pool furnished 17 somploliene 
averaging 431 bbl., 5 dry holes and two gas wells. 

Little new light concerning the possibilities of good production on 
the south side of the granite ridge was afforded by the year’s development. 

Dillard et al. drilled a 50-bbl. pumper in southwest Gray County, 
sec. 202, block B-2, while the Holloway No. 1 of Stogner et al. in south 
central Gray County, sec. 7, block H, Wallace Survey, was a near- 
producer at 3053 to 3090 feet. 

To date no commercial oil wells have been drilled that can be definitely 
placed on the south flank of the ridge although a few small wells and 
many shows have been encountered. Inasmuch as gas in commercial 
quantities is nearly always present, further testing for oil is decid- 
edly warranted. 


PRODUCTION OUTLOOK 


Four years ago the Panhandle was generally looked upon as a vast 
reservoir of oil from which production could and would be withdrawn 
as the economic situation warranted. Since then little has happened to 
change this picture save that the average indicated ultimate production 
per oil well drilled has been revised upward from about 75,000 to 85,000 
bbl., allowing oil to be produced profitably at a correspondingly lower 
market. Should present conditions either prevail or improve in the 
future there is scant reason why the area should not continue to produce 
at its present rate for the next 25 to 30 years. 
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Petroleum Developments in Gulf Coast of Texas and 
Louisiana during 1929 


_ By R. H. Goopricn,* Houston, TEexas 


(New York Meeting, February, 1930) 


DEVELOPMENT in this district during the year 1929 was little different 
from that of any other year despite the somewhat depressed condition 
of the oil business in general. The year was._marked by: (1) An intensive 
geophysical campaign in the search of deep-seated salt domes; (2) the 
rather successful exploration and development of lateral sand production 
on the flanks of some of the older domes. 


GEOPHYSICAL EXPLORATION — 


_ Geophysical work is confined almost exclusively to the torsion 
balance and seismograph. At the beginning of the year there were approx- 
imately 185 individual instruments of all types engaged in the search 
of structures in the Gulf Coast of Texas and Louisiana. This total 
includes 3 magnetometers, 83 torsion balances and 100 seismographs. 
The number of parties operating the torsion balances was 47; seismo- 


graphs, 20; magnetometers, 3. It is estimated that 4,800,000 lb. of 


dynamite or other explosives were used in seismic exploration. 

During the year the torsion balance and seismograph were credited 
with having discovered the following salt domes : Texas, Danbury dome, 
Brazoria County, H. & T. B. R. Co., and Clodine dome, Fort Bend 
County, John Fredricks and Wm. Stanley, Satowsky Survey; Louisiana, 
Iowa dome, Calcasieu and Jefferson Davis Parishes, T.9 S.,R.6and7 W., 
and Cameron-Meadow dome, Cameron Parish, T. 14 8., R. 138 W. 
Because of the secrecy maintained in these developments, it is somewhat 
hazardous to venture opinion as to the number of salt domes found 
during one year. 

The discovery of gas at Mykawa district and at Genoa district, in 
Harris County, Texas, is considered of more than passing importance, 
because there is indication in the performance of these two districts 
that commercial accumulation of oil and gas may be found in the Gulf 
Coast on structures other than the more or less definite salt dome type. 
While it is generally conceded that the accompanying structure in these 
instances are deeply buried salt domes, it is a fact that neither the seismo- 
graph nor the drill have indicated the presence of salt. 


* Consulting Geologist. 
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Oil & Refining Co. escola its W. ‘i. Irv 
as a 50,000,000-cu. ft. gas well with rock pressure mite 0 
depth of 4190 ft. There does not seem to be more tk 
of the middle fossiliferous Oligocene formation in ‘this well 


‘ pressure in sand at 3406 6 3426 ft. This i is ‘to be ‘compared te 
deep-seated Sugarland salt dome where there is definitely as muc¢ 
1600 ft. uplift on the same formation and to some of the older hall 
type salt domes where there is not less than 6000 ft. uplift on th 0 
gocene formation. Pa 
There have been other developments within the past two years in = 
the Gulf Coast, such as at Needville, in Fort Bend d County, Texas,and | 
a at Roanoke, in Jefferson Davis Parish, Louisiana, ., where the drilling _ 
has been rather unprofitable, nevertheless the nature of the forma- . mae 
tions encountered and the predominance of oil shows in these tests, = 
a definitely indicate structural conditions. These areas, of course, are 
easily explained as being deep-seated salt domes. It is suggested that 
such areas may represent structures not necessarily of the en salt 

dome type. 


TaBLE 1.—Discovery of Oil in 1929 on Salt Domes Found by 
Geophysical Methods 


Initial 


Name ee Depth, Ft. ae CS: Se Oil, 
. 1 
7 
Texas: ; 
Lost unkenancue omer aunts Chambers 2748 to 2782 500 20 " 
CAOTOR tas ace sre cae aes Harris 3405 to 3425 gas 1300 R.P. 
INIVKRWEH: coos Sen ee ae Harris 4150 to 4190 gas 1600 R.P. 
Hankamenoer. oie. 20 0eeen Liberty 2632 to 2678 700 20 
sp ersoii <n. He. pene eee ae Liberty 3305 to 3321 1000 24.5 
MosguBluti..cn eee. Liberty 5502 to 5668 800 32 
Port, Neches..n ss. 5.x hater: Orange 3140 to 3170 2000 21.5 
Louisiana: 
Bick Bayou, cee ee ..| Cameron 950 to 980 50 19.5 
White Castle.............. Iberville 5700 to 5837 100 21 
BayourBluetlyi waétarees aoe Iberville 1910 to 1928 20 18.5 
Port Barres seven acters St. Landry 3728 to 3765 1000 23.5 
Bay St. Blaine ....2. nen Gus Terrebonne 650 to 681 gas 
Dor Lake. ance ate eee Terrebonne 1055 to 1064 15 ie 
Lake Barre: .....:eo eee Terrebonne 3840 to 3845 1500 27.5 
Iuake' Pelto.:,) ieee eee Terrebonne 1251 to 1390 400 Ai 
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Production was developed in 1929 on the domes reported in Table 1. 


A. : These domes are considered as having been found by geophysical methods. 


“GEOLOGICAL 


The rather hectic geological activity in the Northern Boundary of the 
Gulf Coast district proper that developed in 1928 along the Reynosa- 
Lagarto contact and the Jackson-Catahoula contact has abated some- 
what. Geological work along these contacts was started when the Clay 
Créek field, in Washington County, demonstrated that commercial 


-production existed in the Cooks Mountain formation and when the 


Raccoon Bend field, in Austin County, demonstrated that commercial 
production was to be found in the Jackson formation. 

The discovery of definite upper Cretaceous formation on one of the 
shallow salt domes in the Gulf Coast is an important contribution to 
those interested in salt dome genetrics. It affords rather definite proof 
that the source of the salt in the coastal region is as old or older than 
Cretaceous. A solid 35-ft. core section of marl of upper Cretaceous 
age was encountered from 2012 to 2057 ft. in the Navarro Oil Co. Com- 
munity No. 4, on the Northeast side of the South Liberty salt dome. The 
predominance and definite character of foraminifera in the marl section 
from this well leaves no doubt as to the identity of the formation. It 
has been known for some years that Oligocene and Jackson are found 
overlying the cap rock of many of the coastal domes, but this is the first 
authentic record of Cretaceous having been found on top of any 
coastal salt dome. It is peculiar to note that the section of Cretaceous 
was located below the top of the limestone cap rock and above 
rock salt. 

In Victoria County, about 2 miles East of the town of Nursery, the 
Humble Oil & Refining Co. developed a shallow gas field in the Lagarto 
formation and are drilling a deep test which had considerable gas showing 
from a depth of 5700 ft. This does not seem to be a salt dome but 
possibly a broad flat top anticlinal structure. The surface indications, 
pointing to the likelihood of structure here, consisted of a series of 
quartzite outcrops within the Lissie formation; this same series of quartz- 
ite outcrops continue with interruptions to the Southwest through 
Goliad and Bee counties. Considerable drilling has taken place along 
this supposed line of weakness and a gas field has been developed at 
Pettus, in Bee County, and the Houston Oil Co. N. 1. McKinney gives 
promise of making an oil well. 


1T. BE. Morrison: First Authentic Cretaceous Formation Found in Gulf Coast 
Salt Domes of Texas. Bull. Amer. Assn. Petr. Geol. (1929) 18, No. 8, 1065. 
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1929 many of the fields actually showed a marked decline in prod 
as shown in Table 2 1 eb is 


TABLE 2.—Production Decline 


oat moar | Madea [Begs 
Sour uake.cs .. cs tarasle citys aaa ieee ..-| “983,100°| 1,235,100 |" 252 TOU) = sa 
Spindlet0pes a7 falc ate acces ieee eae 9,923,000 | 14,021,400 | 4,098,300 — ;% 
West (@olumbia is 2 fea eras Jays Oe netenae 2,382,100 | 2,946,100 | 564,000 
Orange salou ailites eee ee 1,059,100 | 1,466,200 407,100 
Hill caticts nero eth eae hace as eee 3,417,000 | 4,167,000 750,000 
Blae, Ride gue ui aes ieee ae eee 1,207,100 2/302 100, 1,095,000. 


The decrease of nearly 4,000,000 bbl. in the production of Spindle top 
was adequately offset by the increase at Barbers Hill. Thethreefollowing 
districts, Raccoon Bend, Refugio and Clay Creek, while not strictly 
belonging in the Gulf Coast, contributed 5,000,000 bbl. of new oil. The 
fields showing marked increases are indicated in Table 3. 


TaBLE 3.—Production Increase 


Field ee eer. | ager Ser” | Increase 
Barbers: Hills me ss G ders cy 1 eRe ee ee 4,486,900 322,950 | 4,163,950 
Sugarlancl oe once ca ae Mee ae ea ee 3,570,800 389,750 | 3,570,800 
Humbles.2 oi. Usha UM SO Sete ee eee 3,043,200 683,100 | 2,360,100 
Refugio. sa. The Sk eS vend ak eyanas, SORE 1,992,950 56,600 | 1,936,350 
Raccoon Bend...........5.. ~ s-edtonacpr eae eearne ta 2,089,900 97,800 | 1,992,100 
Pierce Junction, ..vc aguas eerie ent eee eee 5,096,400 | 3,980;400 | 1,116,000 
Clay (Oree le ais cis jah septate, 2 sce Se eee 841,100 5,600 835,500 
DOULT DAY TOM nrc ct ote lucie: Merete ete eee | 2,208,050 | 1,437,650. 770,400 
Big Creek......... Sas enn Ae eee GPL eS 2. 1,443,900 834,250 609,650 


These fields alone account for an increase of 17,354,850 bbl. of 


crude oil. 


Barbers Hill.—This is one of the oldest shallow type salt domes that 


has been prospected for the past decade. 


since 1918. 


It has produced some oil 
It is now producing from sands below 5000 ft. 
the best wells is producing a 34° gravity oil from 6395 to 6418 ft. 


One of 
While 
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deep sand production was first discovered in October, 1928, development 


around the edge of the dome has been actively carried on during 1929, 


until it is obvious that production will encircle the entire dome. The 


production is coming mostly from sands and sandy shales of Oligocene 
age and older. 

Humble District.—The Humble oil field has produced about .100,000,- 
000 bbl, from the cap rock, sands above the cap rock and from shallow 


‘lateral sands. In January, 1929, the South Texas Petroleum Co.’s. 


Morris No. 1 came in flowing 6000 bbl. of 44° gravity oil from a total 
depth of 5342 ft., over 600 ft. of screen having been set in this well, the 
formation being sand, shale and sand shale of Jackson, Yegua, Claiborne 
and Cook Mountain age. Other developments in this same horizon have 
boosted the production to 16,000 bbl. daily until it is apparent that 1930 
will witness enormous production in these new sands. 

Port Neches.—The Port Neches salt dome, in Orange County, is one 
of the important discoveries of the year, inasmuch as the field is located 
rather favorably in an area that has produced much oil. Up to Jan. 1, the 
discovery well Kuhn No. 1 had produced over 100,000 bbl. and was still 
flowing 400 bbl. daily. 

Lost Lake.—Another of the newer salt domes in the Gulf Coast 
that has every promise of developing into a first-class producer is the 
Lost Lake salt dome, in Chambers County. 

Hankamer—This area, like Mykawa and Genoa districts, is somewhat 
different from the usual geophysical prospect, the seismograph being 
possibly unable to detect salt dome characteristics and the torsion 
balance giving only fairly positive results. The little production that 
has been developed here is coming from sands of Miocene age. 

Refugio.—Development of commercial oil in Refugio field opens up 
considerable prospective new oil territory. This field was opened to 
crude oil production in July, 1928, until there are now 75 producing 
wells with a daily average production of 25,500 bbl. Because of consid- 
erable areal extent and unlimited deeper possibilities this field promises 
to be an enormous producer. 

The character of this structure is difficult to work out as the wells 
do not penetrate any definite recognizable strata, the formations for the 
most part being unconsolidated sands, gumbo, sandy shales and shales. 
It is possible the deeper wells encounter uppermost Gueydan of equiva- 
lent Oligocene age. However, this is not known and 90 per cent. of the 
wells never get out of Frio, a very indeterminable formation. 

The area of uplift is surprisingly large; the amount of uplift on the 
upper formations is very little. It does not resemble salt dome structure 
and most certainly is not a salt dome. Because of the fee ownership 
here it is difficult to make geophysical surveys, which are desirable in 
dealing with structures of this nature. 


v bhipe let Aion aittnend: x 
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DAC, Banton, * Houston, Texas.—The momentousness of the 
been quite expressed. The past year or 18 months seems to me either the secc 
definitely the third, most momentous year in the history of the Gulf Coast. The 
* momentous year was 1901 with the discovery of Spindletop; the second probably 
1924, the beginning of the geophysical era. ‘4, 

The first reason for my belief is that the productive area of the Gulf Cbast has been n is 
extended east, south, southwest, west and north. , WAR 

In Louisiana we previously regarded the area of commercial production as ae 
at Jennings. Farther east, there were shows of oil and small production, but we have 
now, I think, established that probably there will be commercial production alone | 
the coast clear to the Mississippi River, an extension of 100 or 150 miles. 

On the southwest the area of good production stopped with West Columbia, bits 
now it extends to Refugio, which is probably a non-salt-dome . oil field, but which — 
is in the same position with reference to the coast as the sait-dome oil fields, and which 
is definitely established as an oil field of high second-class rank. Refugio suggests — a 
the extension of the coastal area of good production southwestward from the salt-dome 
area of southeast Texas, possibly all the way to the Rio Grande. That typeof pro- 
duction is going to be hard to define, but Refugio gives us a thought that many similar 
fields may be there waiting to be discovered. 

To the north, Raccoon Bend during 1927 had previously extended peda 
inward, but Clay Creek has carried production yet farther back into the interior of 
the coastal area. 

My second reason is that stratigraphically there has been a downward extension 
of production. Previous to the past 18 months, most of our production and all of 
the prolific production came from the Miocene and Oligocene; good, minor production 
had been obtained from the Jackson, but no prolific production, and only a few small 
producers had been completed in the Cook Mountain or lower formations. The deep : 
production at Humble, with wells with an initial production of 5000 and 6000 bbl. per 
day, shows the possibilities of prolific production from the Jackson. The possibilities 
of Jackson production are emphasized further by Raccoon Bend, at which the pro- . 
duction is mainly Jackson. On most of our coastal domes Jackson has not been 
reached or has only barely been reached. Clay Creek shows the possibilities of Cook 
Mountain production. There have been many shows from the Cook Mountain, both 
on the salt domes and on the interior, but no very good production. 

My third reason is that during the year the possibilities of deep production, 
without regard to stratigraphic horizon, have been established. Previous to this 
year, our deepest production was at 5800 ft. Now at Jennings the practical limit 
has been pushed down by two wells of the Yount Lee Oil Co. definitely to 7300 + feet. 

My fourth reason is that we have also shown, during the past year, the possibilities 
of production from deep salt domes such as Esperson. The geologist perhaps calls 
them non-salt-dome oil fields, but to the geophysicist, who has the torsion balance 
picture of them, they are definitely deep salt domes. Exploration has not gone far 
enough on ate “geophysical” deep domes to see what the possibilities are, but 
Orange, one of the old first-class oil fields, is of that type, and theoretically there 
seems to be no reason why there should not be enormous possibilities from them 
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* Consulting Geologist and Physicist. 
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Petroleum eran in Arkansas in a D 


ater fio aS 
By H. W. Bett,* Ex Dorapo, ARKANSAS cade mn ak 


(New York Meeting, February, 1930) AY 3943 a 
during the past year, regardless of the overproduction affect: 
industry throughout the country. Justification for this new wor 
not lacking, as the local markets more than threatened to absorb a ~ 
declining production. There were, however, no important new dis- a 
coveries in the state during 1929. at 

The McDonald area in sec. 25-15, 8.-18 W., threatened to expand — 
into a major producing area. Oil showings had ten encountered here ~ a 
in wells drilled by the McDonald Oil Corpn. as early as the fall of 1928. 3. 
In July, 1929, an initial production of 1000 bbl. of 32° oil was obtained * Me 
in McDonald Bros. B-3 Wilson, from a sand at 2780 to 2786 ft., which 
is about 80 ft. higher than the sand previously tested in the neighboring __ 
wells. This production declined rapidly. At the end of the year there © 
were six producers making about 200 bbl. per day total. Seven dry holes 
have temporarily stopped development in that area. The showing of 
B-3 was sufficient to cause considerable leasing activity. The area lies 
several miles west of the Louann portion of the Smackover field. The 
discovery well went to 2873 ft. and found Glen Rose lime in bottom. 
The age of the producing sand is in doubt; it seems closely related to 
the Tokio sand. 

During 1929, several paying wells were brouent in, as a northeastern 
extension to the Smackover Heavy area, in sec. 34 and 35-15-15, from 
the Nacatoch sand. Over 20 new wells were drilled and resulted in at 
least 1500 bbl. production. S 

The down-dip or off-structure territory contiguous to the Smackover 
uplift was further tested at various locations with the usual results; 
that is, a showing of ‘‘salt water gas,” which soon blew off and in some 
cases a slight showing of oil. These gas showings, found further down 
the dip than oil, are the results of the ability of water to take gas into 
solution at the rate of about 3 per cent. by volume at atmospheric pres- 
sure and proportionally larger quantities, if available, at higher pressures 
(measured on the absolute scale). 

During the year no off-structure wrinkles sufficient to trap commercial 
quantities of oil have been found outside of the other known fields of 


* Production Engineer, Lion Oil Refining Co. 
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~ and Champagnolle (Shallow). | ip ei 

During December, Joe Modisette brought in a pumper of about 60 
bbl. capacity under low pressure in sec. 14-18-14 on Union Saw Mill 
land. The depth is 2238 ft. and the top of the Nacatoch was probably 
encountered at 1973 ft. subsea. This location is well surrounded by 
dry holes checking much lower, except to the northwest. In this direc- 
tion about 34 mile in the SE. corner of sec. 10-18-14, C. H. Murphy, 
Trustee, found the top of the Nacatoch at about 2010 ft. subsea. The 
suggestion is that this high may connect up with the isolated pool in 
sec. 5, 6, 7 and 8 of the same township. 

To the northwest of the above area, O. W. Estes found encouraging 
showings in a well in the NW. of the SW. of sec. 35-17-15. The top 
of the Nacatoch is considered to be 1907 ft. subsea, as oil showings were 
present at this depth. The El Dorado field, 3 miles to the west, checks 
from 1901 to 1925 ft. subsea. This well and others strongly indicate 
that the main producing fields have drawn off the gas for several miles 
beyond production and left the outlying oil dormant. 

Near the close of the year the Marine Oil Co. carried a test below 
3500 ft. near Urbana in sec. 10-18-13. At this writing a very promising 
drill-stem test has been made and casing set. The sand is in a series 
of red beds and the age is uncertain. This showing has stimulated 
considerable activity as a large well is expected. 

W. M. Coates and associates drilled to 4079 ft. in sec. 32-19-16, 
encountering considerable Glen Rose (as high as 3404 ft.) lime and 
anhydrite and securing oil in cores below 4000 ft. Casing was set at 
3956 ft. but commercial production was not obtained. The Lion Oil 
Refining Co. is undertaking the deepening of this well to at least 
4500 feet. 

Operators of the Smackover field have given serious thought to the 
feasibility of drilling a community test to 7500 ft., if necessary. Such 
a test located at the top of the Graves sand high, will possibly be drilled 
during 1930. The deepest test thus far on structure is the J. E. Crosby 
12 Berry near the center of sec. 33-15-15, which went to 4570 ft. and 
encountered considerable sandbodies, presumably Trinity. 

The Louisiana Oil & Refining Co. drilled its 1 Manly, in the Kast 
Stephens field to 4502 ft. in Sec. 15-15-19. The top of the Glen Rose 
is thought by some to have been encountered at least as high as 3100 ft. 
The well penetrated over 1000 ft. of red beds and it seems likely that 
the bottom was in Lower Trinity sands. No commercial production 
was found below the regular Blossom producing sand. 

The gas productive area of the Arkansas Valley region was added to 
by Arkansas Natural Gas Co., McFadden 1, sec. 15-9-21 Pope County. 
The depth is 1041 ft., rating 43,000,000 ft. and 431 Ib. rock pressure. 


El Dorado (South Field), Rainbow (East Field), Lisbon (West Field) 


. orodhertti dowel in Table L T t 
wells in Smackover, especially, where th atktobto 
Blossom and Woodbine (?) sands” eau 
production from that field. 


1932, Bbl. | 


Field TE 1930, Bbl. as 1931, Bbl. 
(fe i 


= Smackover Heavy......... 39,100 | 33,750 | 


P Lighti(@ouann) pe een 5,380 | 4,830 
‘- El Dorado (South)........ iY 3; 189: 2,909 
2 = Rambow, (bast): rics oncciras 3,154 1,929, 
i Lisbon (West)............ 875 664 
Champagnolle (Shallow)... 770 677 
: Totalinscs stores steme «tine 52,458 44,759 
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Petroleum Developments in California during 1929 


By Desarx B. Myers,* Los ANGELES, CALIF. 
(New York Meeting, February, 1930) 


Tue consistent upward trend in crude oil production prevailing in 
California throughout the greater part of 1929, was effectively checked 
in November by a curtailment program instituted by mutual agreement 
between operators in four of the major fields. This program artificially . 
reduced daily production to approximately the same daily figure as 
prevailed in December, 1928. 

The large amount of deep drilling during the later part of 1928 and 
during 1929 has established a potential, however, which is far in excess 
of refinery needs in the state. Low prices for crude oil which prevailed 
in California during 1928 continued during 1929. General curtailment 
continued in the older fields in San Joaquin Valley. 

The number of wildcat and exploratory wells drilled throughout 
California was materially increased, but no major field was discovered 
unless the recent bringing in of the Ohio Oil Co.’s Recreation Gun Club 
No. 1 well, near Venice in Los Angeles Basin, during the closing days of 
1929 results in such a field. 

Significant developments during 1929 were: (1) The discovery of 
three deeper zones in the Santa Fe Springs field known as the O’Connell, 
Clarke, and Hathaway; (2) Kettleman Hills development and unanimous 
agreement to restrict production; (3) developments along the Santa Bar- 
bara Coast and the drilling of tideland permits; (4) extensions of some of the 
older producing areas in the San Joaquin Valley; (5) the Lawndale and Santa 
Barbara Mesa structures, the former discovered in Los Angeles Basin 
in 1928, the latter in Santa Barbara County in 1929, proved to be failures; 


’ (6) intensive exploration throughout the state and the drilling of a large 


number of deep wildcat wells; (7) discovery of oil by the Ohio Oil Co. 
in the Los Angeles Basin at Venice; (8) Long Beach and Ventura Avenue 
fields maintained steady production throughout the year. 

As a natural sequence to the discovery of high-gravity oil fields in 
Kettleman Hills and at Elwood in 1928, a tremendous amount of explora- 
tory work was done in 1929 in areas underlain by rocks of lower Miocene 
age, particularly along the Santa Barbara Coast area, the San Joaquin 
Valley, and the Salinas Valley, where the Vaqueros and Temblor sands 
were considered to ho!d possibilities for production. 


* Chief Geologist, Union Oil Co. of California. 
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As possible structures are eliminated from further cousideraiien by ae 
the drilling of wildcat wells, the search for such structures becomes — i a 
more intensive and the work of the geologist becomes more and more — 3 
detailed. The California geologist now uses airplane photographs for 
base maps almost exclusively and depends upon the micropaleontologist 
for assistance in correlation between widely separated districts and 
between surface and subsurface strata. In some cases he even resorts 
to the diving suit for submarine examinations of structural conditions : 
on the ocean bottom adjacent to the shore. 

Core drilling as an adjunct to exploration was in common use Ales 
out the year by several companies as preliminary to deeper drilling. 

The use of geophysical methods has not resulted, so far as the writer. 
is aware, in the finding of commercial production in California. 

During the year 1929 there were many improvements in methods of 
technology, particularly with respect to the use of heavier equipment 

- for handling extremely deep drilling. Marked improvements were 
made in the drilling of straight holes and increased efficiency was obtained 
in gas injection, gas lift, and in general producing methods. The use. 
of subsurface sandstone strata as natural reservoirs for the injection 
and storing of excess oil was initiated. 


Santa Fre Sprincs FIELD 


Santa Fe Springs, 10 years after its discovery, again dominated the 
production of the state during 1929, and throughout the year was the 
center of an almost continuous intensive drilling campaign to deeper 
sands, the limits of which have by no means been fully determined in 
this field. 

The discovery of the Buckbee zone in July, 1928, was the start of the 
fields’s second intensive drilling campaign, and in January, 1929, the 
production had reached 100,000 bbl. per day with 229 wells headed for 
new and deeper sands below the Meyer zone. The exploration which 
started for the Nordstrom and Buckbee zones was extended and received 
further impetus when the O’Connell and Clarks zones were discovered 
early in February. In spite of various attempts at voluntary curtail- 
ment a new peak of 295,000 bbl. per day was reached about the middle 
of July. With this large production and with 63 wells drilling below 
6000 ft. the only hope for stabilization of conditions rested with the 
operation of the California State gas law, which had received the 
Governor’s signature on May 15 and which was to become operative 
Aug. 31. 

Hope of immediate relief was dispelled in September when legal 
proceedings by the state were postponed until Oct. 14. The production 
situation became so serious in September, however, that it was not 
surprising that on Oct. 21 the price of oil in this field was cut approxi- 
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mately 50 per cent. Curtailment was immediately initiated and by 


Noy..5 production at Santa Fe Springs had dropped to 185,000 bbl. 
per day. A definite curtailment program was agreed upon by the 


operators of this field, and an umpire was appointed. The close of the 
year finds the field producing under curtailment 164,400 bbl. per day, 
which is fully 50 per cent. under the potential production of the field. 
Two hundred and twenty-one wells are at the present time drilling for 
the deeper zones. F 
The deepest well in the world was drilled during 1929—Howard 
Hathaway, 9350 ft. deep with 434 in. set at 8735 feet. 


KettLeEMAN Hits 


In October, 1928, the completion of the major discovery well on the 
North Dome, by the Milham Exploration Co., started an active drilling 
campaign for the deep sands in this area. The Milham, the discovery 
well, completed in 1928, came in producing 30,000,000 cu. ft. of wet gas 
per day which, when passed through gas traps, yielded 3600 bbl. of 60° 
gravity oil. 

Of the large number of wells started for the 7000-ft. sands, four wells 
have made production tests during the year, the largest of these being 
the Continental Oil Co.’s No. 12-8, which is an offset to the Milham dis- 
covery well. This well has produced as high as 175,000,000 cu. ft. of 
wet gas yielding through gas traps approximately 7000 bbl. of 61° gravity 
oil... Although approximately 250,000 ft. of hole has been drilled by 
40 wells on Kettleman structures during the past year, 14 of which are 
now below 7000 ft., the estimates of proven acreage in this field can not 
as yet be made with any degree of certainty. ; 

The steep dips encountered on the west side of the North Dome, 
together with the unfavorable results of the deep drilling on South Dome, 
and the general lack of well data from the Middle Dome, have thrown 
much uncertainty into estimates of productive acreage. It seems likely 
however, that average cost of development per well in the Kettleman 
Hills will be far in excess of that in any other field in the United States. 

During 1929 a mutual agreement was made between the Department 
of the Interior and the operators in the area on a development program, 
which, for the present, restricts production to a minimum and which 
is to remain in effect during the present overproduction period. 

The fact that the deepest test on the South Dome drilled to date has 
reached 7900 ft. without finding production, indicates that at least. a 
portion of the South Dome may not be in the picture. 


1Qn Jan. 1, 1930, the completion of the Standard Oil No. 8-1-P well at Kettleman 
Hills for an estimated flow of approximately 4000 bbL., and 101,000,000 cu. ft. of 
wet gas, brings the number of producers at Kettleman Hills to three. 
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Santa BARBARA CoasT tat 
Following the discovery in 1928 of the Elwood field 12 ry ( 
Santa Barbara, intense activity in wildcat drilling began along the ec 
area of California, from Ventura to Guadalupe. Several anticlinal a: 3 
fault structures underlain by Vaqueros sands in the coastal area of San as 
Barbara County have been tested with the result that only one nev 
J structure has been added to the commercially productive areas of this — 
Ee district. This single addition, about 8 miles west of Elwood, was proved — “24 
; when the General Petroleum Corpn.’s Erburo No. 1 was completed on 
Oct. 7 for a daily production of approximately 125 bbl. of 21° gravity oil. 
In July the Lincoln Drilling Co. completed its Williams No. lin the west- 
ern edge of the old Summerland field for approximately 300 bbl. of 19° 
gravity oil and a small amount of additional production hasbeen obtained. 
The most significant development in the Santa Barbara district has been 
7 the westward extension of the Elwood field into the ocean by the comple- 
: tion of wells made possible through the erection of costly piers and sub- 
marine foundations. 


Santa MARIA 


The year 1929 witnessed an intensive search for oil in the Santa — 
Maria district. Incentive for this drilling was the discovery of oil at 
Elwood in Vaqueros sands and it was thought that similar conditions © 
might exist in the Santa Maria district. 


Ss —<——s 


SALINAS VALLEY 


The Salinas Valley was the scene of considerable activity during the 
year. Most of the evident and known anticlinal structures were leased 
up and four tests by major companies were started. Two of these tests 

have been failures while there are two still in progress which are of interest. ° 


EXTENSION OF OLDER SAN JOAQUIN VALLEY PRopuUcING AREAS 


The productive limits of the old West Side field in the San Joaquin 
Valley have been extended and some heretofore favorably considered 
wildcat areas have passed into the discard. The limits of the Brown 
Shale production of Maricopa Flats, south of Thirty-five Anticline, have 
been extended by various companies, wells being completed for 1000 to 
2500 bbl. of 22° gravity oil from the Brown Shale zone. 

As a result of a number of tests drilled along the eastern flank of 
the Temblor Range, in the vicinity of Taft, the western limits of the old 
producing area have also been extended. The production from this 
locality has so far proved to be heavy oil of 14° gravity, in spite of the fact 
that this production comes from the Brown Shale zone. 

The East Side fields have seen a gradual drilling program throughout 
the year with nothing particularly significant discovered. 
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A total of 145 wildcat wells, in addition to 12 deep tests, the latter 


rs being drilled in proven areas exclusive of the Kettleman Hills develop- 
ments, were drilling in the San Joaquin Valley during the past year. 


Two Prospective Or Fretps Fart to MATERIALIZE 


The discovery of oil at Lawndale, Los Angeles County, in the fall of 
1928, and in the Mesa area, Santa Barbara County, May, 1928, resulted 
during the past year in two intensive town-lot drilling campaigns both of 


_ which proved to be failures. 


INTENSIVE EXPLORATION THROUGHOUT STATE 


Wildcat drilling in Los Angeles Basin has almost doubled in the past 
year as compared with 1928, both in the number of wells drilled and in 
total footage. This was exclusive of wells drilled inside of semiproven 
areas after discovery, such as the Inglewood town-lot field. 

Small operators drilled more than twice as many wells as the major 
companies but their total footage amounted to only 214 per cent. greater, 
this being due, no doubt, to improved mechanical equipment used by the 
larger operators enabling them to go to maximum depths in these tests. 

With the improvement in core-drilling equipment during the past 
year, more wells are coring continuously and more care is being taken 
to prevent drift in holes by frequent surveys. The result is better 
samples and straighter holes, resulting in more dependable correlations. 

There are at present 37 wildcat wells drilling in Los Angeles Basin, 
10 of which are being drilled by major operators. : 

Activities in wildcat drilling in the coastal counties of California for 
the year 1929 centered around the Santa Barbara district and the close 
of the year finds the activity at its maximum following the intensive 
leasing activities earlier in the year. At the close of 1929 there are 51 
wells drilling in the coastal counties, compared to 44 drilling wells at - 
the close of 1928. 

The prospecting program in the San Joaquin Valley during 1929 
embraced a total of 157 wildcat tests of which 12 were wells drilled in the 
old producing areas in search of new deeper horizons. 


DiscovERY OF OIL IN Los ANGELES Basin AT VENICE 


The area lying between Playa Del Rey and Venice, and bounded on 
the east by the Inglewood field, has received much attention for a number 
of years from California operators. A score of wells drilled in this area 
failed to find production, but the accumulated data and records from 
these wells were a factor in suggesting the possibility of a “high” along 
the coast west of the earlier tests. Micropaleontological studies were 
a distinct aid in correlation. 
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The Ohio Oil Co.’s Recreation No. 1 well came in to andanotidice non * 
Dec. 19, having been drilled to a depth of 6199 ft. On Dee. Bix stad a 


nrodteea of this well was estimated at 2000 bbl. per day, 24° gravity 


oil, and 1,200,000 cu. ft. of wet gas. 


Lone BeacH AND VENTURA AVENUE PRODUCTION STEADY 


Development for 1929 at Long Beach has been largely along lines 
defined by 1928 operations. Minor extensions in active areas occurred _ 
to the southeast and late in the year a good 1200-bbl. well from the | 
4500-ft. zone stimulated interest in the Los Cerrites district lying to 
the northwest. One well was drilled to 9280 ft. but failed to add to 
the productive penetration of the field. 

The limits of the Ventura Avenue field remain practically the same 
as in 1928, although the southeastern flank might be considered to be 
slightly extended. Wells are not being completed deeper than in the 
past year and the field production has been held very steady. 


OtTueR Los ANGELES BasIN FIELDS 


The status of Inglewood, Dominguez, Seal Beach, Huntington Beach, 
West Coyote and Rosecrans fields remains the same as at the close 
of 1928. 


PRODUCTION, STOCKS AND PRICES 


1. Crude Production.—The Santa Fe Springs field dominated Califor- 
nia production during 1929. This field produced 76,477,464 bbl. of oil 
and was 26.18 per cent. of the state’s total production. The field’s total 
was 60,383,533 bbl. greater than for 1928, and was but 3,303,811 bbl. 
less than the field’s peak production during 1923. 

The total production of the state was 292,036,911 bbl. and is 25.88 
per cent. above the production in 1928. This increase in production 


“would have been materially higher had it not been for the effective curtail- 


ment program inaugurated during the latter part of the year. (Fig. 1.) 

2. Stocks.—At the close of 1929 total stocks of heavy crude, heavier 
than 20° A. P. I., including all grades of fuel, were 113,421,316 bbl., 
which is aff increase of 13,171,423 bbl. over 1928 (Fig. 2). Stocks of 
refinable crude 20° A. P. I. and lighter increased 23,515,024 bbl.; gasoline 
stocks increased 5,666,432 bbl., naphtha distillates 1,785,621 bbl., while 
all other stocks decreased 137,178 barrels. 

The total increase of all stocks for 1929 was 44,001,222 bbl. and the 
amount in storage at the end of the year was 184,002,116 barrels. 

3. Crude Oil Prices—On Oct. 21, 1929, prices for Southern California 
crude above 27° A. P. I., coming from the flush fields, were reduced to 
60 c. per bbl. On Nov. 6 to 8, 1929, the former prices ranging from $1.07 
to $1.65 in these fields were reestablished. Crude oil prices for other 
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fields in the state were substantially unchanged throughout the year, 
leg at the exception of a decrease of 24 c. per bbl. in Elwood field in March. 
r= a(Sigsi3 2)» . 
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Fig. 2.—CatiFoRNIA STOCKS OF LIGHT AND HEAVY CRUDE PETROLEUM, GASOLINE, 
NAPHTHA DISTILLATES AND ALL OTHER STOCKS DURING 1929. 


The retail gasoline price at San Francisco during 1929 ranged from 
14 c. to 21 c., tax exclusive, the average being 18c. Prices for the last five 
months of the year were 20 c. per gallon. 

The price of fuel oil remained unchanged throughout the year at 89 ¢. 


per barrel. 
Propvuction OuTLOOK FoR 1930 


An estimate of the production of California for 1930 is unusually 
difficult at this time due to a number of possible productive areas now 
undergoing exploration, new deep zones which have been explored but not 
developed, and to the substantial amount of potential production shut-in 
under the curtailment program recently inaugurated. For this reason 
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no definite estimate of future sredationt will be attemy ine aif 
look at the close of 1929 is for continued ae production 


new fields in the state aie by no means hae ERE SF » anc i 
additional large potential production will also be developed from d deepe ~ 
zones in a number of the present producing fields. In addition to this 
there will be the production of the excess oil now being held in check — 
by curtailment, and there will be an added source from partly depleted © + 
fields through increased efficiency in methods of production. 7 
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Fic. 3.—PRIcES OF CALIFORNIA FUEL OIL, CRUDE PETROLEUM AND GASOLINE, 
1918-1929. 


The amount of oil actually produced in 1930 will, however, depend 
upon the effectiveness with which the present curtailment and shut-in 
programs are applied. 
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Petroleum Production and Development in the Rocky 
Mountain District in 1929 


By F. F. Hintze,* Sart Lake Ciry, Uran 
(New York Meeting, February, 1930) 


PETROLEUM production in the Rocky Mountain district during 1929 
registered a small decline from that of the previous year, conforming 
with a gradual decrease in the amount of oil produced during the last 
few years. A number of causes may be mentioned to account for this 
result, chiefly overproduction in other regions and the apparent desire 
of operators in this territory to conform to the policy of proration and 
retrenchment adopted by special agreement among operators in many 
of the fields. Unit operation has been adopted to control oil production 
from the Sundance sands in the Salt Creek field, Wyoming, in line with 
the general effort to stabilize this phase of the industry and prevent 
excessive drilling of new wells. 

Another factor which greatly retarded development in the Rocky 


- Mountain region was the executive order of President Hoover issued in 


March refusing the award of new prospecting permits to future applicants 
and threatening cancellation of all existing permits upon which actual 
drilling had not been done as specified by law. 

Only four states in the Rocky Mountain region are important oil 
producers. In 1929 Wyoming led with an average daily output of 52,600 
bbl., followed by Montana, with 10,730 bbl.; Colorado, with 6500 bbl., 
and New Mexico with 2700 bbl. daily average. These states bear the 
following percentage relation to total production in the Rocky Mountain 
district: Wyoming, 72; Montana, 15; Colorado, 9; New Mexico, 4., 
(Table 1.) 

The total average daily production was approximately 73,000 bbl. 
and the total production of all four states during the year was 26,534,606 


bbl. This is 2.7 per cent. of the total oil production of the United 


States during this period. 
CoLoRADO 


Although Colorado is not a large producer of oil and natural gas, its 
oil operations are widely distributed over the state. The Florence 
field is one of the oldest oil fields in the country, and there are good 
reasons for believing that the state will retain its place for many years to 


* Department of Geology, University of Utah. 
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come. The past year has been a satisfactory one notwithstanding a 
decrease of 14 per cent. in the year’s production. 


_ Seven fields have been active producers during the year. The 
average daily production by fields for the first and last weekly periods 


of 1929 was as follows: 
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Three producing areas were added during the year. The Berthoud 
dome, 3 miles west of Berthoud, in Larimer County, on which drilling has 
been in process for the past several years, became a producer by the 


~ completion of a commercial light oil well. The structure is not a large 


one and the extent of the productive area has not yet been ascertained. 

A new gas field was discovered in northern Moffat County, in the 
northwestern corner of the state, not far to the west of the Hiawatha 
gas field. The discovery well, Berlin No. 1, was drilled by the Texas 
Production Co. and proves up a new structure known as Bertram dome, 
a new high on Hiawatha dome. There are now four producing gas 
wells in this area ranging from 25,000,000 to 100,000,000 cu. ft. per day 
in capacity. This gas is being utilized in the Wyoming-Utah gas pipe 
line to supply Salt Lake City and other Utah towns. 

An outstanding development during the year was the discovery of 
helium-bearing gas in Las Animas County, in southeastern Colorado. 
The discovery well is located just south of the little town of Thatcher, on 
the main line of the Santa Fe railroad between LaJunta and Trinidad, 
about 70 miles southeast of Pueblo. An open flow of 3,000,000 cu. ft. 
per day was the estimated volume of the gas flow, and the helium content 
is said to be 210,000 cu. ft. per day, or approximately 7 per cent. This 
is very unusual in richness and is said to be the richest helium discovery 
ever made. The gas comes from a depth of about 900 feet. . 

A wildcat test of great interest and promise is now being drilled by 
the White Eagle Oil & Refining Co. on Piceance Creek, Rio Blanco 
County, in sec. 9, T. 28., R. 96 W. This well has reached a depth of 
2885 ft., and has penetrated two gas sands. In the last sand a flow of 
6,000,000 cu. ft. of gas per day was encountered. The test will be 


carried deeper. 


Lie ore. 
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Drilling in the proved fields of western Colorado for { r. 
horizons has proved several new sands below the Dakota. In the Mofi 
dome, production has been proved in the Morrison and Sundance sands — 
of Lower Cretaceous and Jurassic ages, which extends the probable a 
life and ultimate production of this field. In the Iles field, the productive — wee 
area of the Sundance sand has been defined at a number of points on the pi = 
dome by the finding of water in the edge wells. a 

In North Park, Jackson County, the Continental Oil Co. has icone “< 
engaged during the last few years in testing the North and South McCal- — 
lum structures, northeast of Walden. On the north dome, oil was 
discovered and has been produced on a small scale along with a large 
volume of gas that is chiefly carbon dioxide. The gas expands when it 
comes from the well and produces such low temperatures that the oil is 
frozen and appears as a snow. It is recovered when the temperature 
rises and the frozen carbon dioxide evaporates. If contemplated tests 
of the refrigerating properties of the gas are successful, the wells of 
the Continental are sufficiently large to produce a train load of dry ice 
per day. 


New Mexico 


New Mexico’s oil production comes from two sections of.the state, 
the San Juan basin in the northwest, and Lea and Eddy counties in the 
southeastern portion. In the San Juan County fields the oil is found in 
Cretaceous formations and is of unusually high gravity and gasoline 
content. The production of southeastern New Mexico is obtained from 
the Permian and Pennsylvanian formations, similar to the large fields of 


‘Pecos and Winkler counties, Texas, which lie immediately to the south 


and southeast of Lea County. The oil is of varying gravities, and is 
associated with large natural gas accumulations. It is in this part of the 
state that prospects seem the brightest for large oil development which 
may place New Mexico in the front rank among Rocky Mountain oil- 
producing states. 

Lea County has occupied the center of the stage and displayed the 
greatest activity in development during the year. The Lea field, which 
is close to the geographic center of Lea County, in the northern part 
of Township 21 8., Range 33 E., has attracted much attention by 
the performance of two wells, the Texas Production Co.’s No. 1 Lynch, 
sec. 34, T.-20 8., R. 34 E., and Cranfills and Reynolds’ No. 1-B State, 
sec. 2, T. 21 8., R. 33 E., which together are producing around 3000 
bbl. of oil per day. There are nine wells drilling in this area, mostly 
around the Cranfills and Reynolds well, and three offsets to be located. 

The Jal field in the southeastern corner of Lea County includes the 
wells drilling in T. 25 and 26 S., R. 36 and 37 W. In this area 
the Empire Gas & Fuel Co’s. No. 1 Lindley, sec. 14, T. 25, R. 36 is 
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bottomed in lime at 3380 ft. and is estimated to be good for 500 bbl. 


of oil and 6,000,000 cu. ft. of gas per day. The Humble Oil & Refining 


Co’s. No. 1 Lindley is rated at 680 bbl. per day. There are a number of 


oil and gas wells in this area completed and shut in, and several others 


now drilling. : 
The Cooper area lies to the north of the Jal field and both are on th 

northern trend of the Winkler County, Texas area in which there are 

very large producers. This new area consists of Townships 23 and 24 


Be South, Ranges 36, 37 and 38 East. 


Still farther north, in Townships 21 and 22 South, Ranges 36, 37 and 
38 East, on the same structural trend, is located the Eunice area. It is 
in this field that the Continental Oil Co.’s discovery well, No. 1 A. E. 
Meyers, sec. 17, T. 21, R. 36 is located. In this well at a depth of 
4001 ft., oil was encountered in a break in the lime and the well flowed at 
the rate of 20 to 25 bbl. per hr., and made 70,000,000 ft. of gas per day 
from horizons above the oil, at several levels between 3240 and 37085 ft. 
The discovery is regarded as opening a new pool and shows the trend of 
production northward from the Jal pool. In this general area the Mar- 
land, Empire and Gypsy companies have completed several oil and 
gas wells. 

The most northerly producing area is called the Hobbs high, in Town- 


ships 18 and 19 S., Ranges 36, 37 and 38 E. The center of production in 


this area is near the center of T. 19S., R.38 E. The Humble Oil & Refin- 
ing Co.’s No. 1 Bowers, sec. 30-18-38, 3 miles northwest of the discovery 
well in the Hobbs pool is an important test well in this area. At a 
depth of 2788 ft. a flow of 10,000,000 cu. ft. of gas per day was encountered. 
More gas was found at 2810 ft., and a good show of oil was encountered at 
3143 ft. At 3368 ft. a production test was made showing 25 bbl. per hr., 
and a later test gave 438 bbl. in 24 hr. The well was drilled deeper and 
at 3648 ft. a flow of 50,000,000 cu. ft. of gas was encountered. After 
mudding off this gas, the well is being drilled deeper to test still 
deeper horizons. ' 
WYOMING 

Production of oil in Wyoming during 1929 showed a decrease of 
more than 2,000,000 bbl. from the 1928 output. For a number of 
years the production has been on the decline, and this is not more than 
a normal rate. The largest decline was in the Salt Creek field, which 
fell off nearly 2,500,000 bbl., which was more than the total for the 
state as a whole. 

The greatest development was in Oregon Basin where the output was 
almost double that of the previous year. That field now ranks second in 
size, having surpassed Lost Soldier which has held second place for many 
years. The daily production in September was 5291 bbl. and in October 
it was 4089 bbl. Twenty-three wells were completed during the year. 
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LaBarge showed a large increase over the previous year. — Pa 
has 77 producing wells which made 72,889 bbl. in November. T 2 
average monthly production was 64,500 bbl., or 2150 bbl. daily for ‘the = “al 
year. The oil tests from 22 to 36° Bé., and is found at depths under , 
1000 ft. The Midwest Refining Co. owns and operates a pipe line from 
Opal, a point on the main line of the Union Pacific R. R., to the — 
LaBarge field. a 

Perhaps the most outstanding accomplishment of the year has been 
the discovery of a deeper oil horizon in Frannie and Oregon Basin. 
Heretofore the deepest pay in these fields was the Tensleep sand of 
Pennsylvanian age. Oil in commercial quantities was discovered in 
the Madison limestone of Mississippian age, in a break 70 ft. below the - 
top of the formation, in a well drilled by the Midwest Refining Co. on 
the Frannie structure. The Madison lime produced some oil at Soap 
Creek in Montana, and has been found productive in northern Montana 
and at Turner Valley, in Alberta, but this is the first important : 
Mississippian development in Wyoming. . 

An accomplishment of great importance in this state was the build- 
ing of the gas line from Baxter Basin to Salt Lake City to supply it and 
other Utah towns with natural gas. The cost of the system when com- 
pleted will be approximately $20,000,000. The capacity of the main 
line is 60,000,000 cu. ft. per day. The.natural gas is marketed in Salt 
Lake City at the rate of $2.40 per 1000 cu. ft. for the first minimum 
amount with $0.50 per 1000 cu. ft. as a lower limit where large amounts 
are used. 


UTau AND IDAHO 


Wells have been drilled in various localities in both states but no 
fields were discovered during the year. 


SUMMARY 


Under the general policy of retrenchment in wildcat drilling and 
proration of production, there were fewer oil operations in the Rocky 
Mountain District in 1929 than for several years previous and oil pro- 
duction declined approximately 2,500,000 bbl. Production in the Salt 
Creek field declined just about this amount. Deep drilling at Salt Creek 
is showing up large oil reserves under that field, and with unit operation 
of the deeper wells there should be a large recovery and increased life 
for the field. 

Several new fields have been found in the different states and there 
are many interesting and prospective test wells being drilled on struc- 
tures lately surveyed, so that the outlook is encouraging for continued 
production for many years to come on a scale as large as at present pre- 
vails. Southeastern New Mexico is at present the area of greatest 
activity and promise. 


Petroleum Development in 1929 in the North Rocky Mountain 
Region, Including Wyoming,* Montana and Alberta 


By Raupx Arnotp,{ Los ANGELEs, Cauir. AND O. I. Descuon, { Great Fauus, Mont. 


(New York Meeting, February, 1930) 


Dexp drilling was the keynote of the more important developments 
in the North Rocky Mountain region during 1929, with Montana record- 
ing the most important achievement through discovery of three new 
oil fields. 

Alberta produced 1,000,000 bbl. of 74° gravity naphtha, showing a 
considerable gain over 1928, developed a commercial oil pool in Turner 
Valley and extended that field 8 miles southward. 

Wyoming’s discovery field was deepened to a second producing hori- 
zon, giving impetus to deeper drilling, and practically every Wyoming oil 
field will have a deep test either this year or in the near future. 

Whereas Montana prospecting has been confined to the shallow plains 
structures, since the discovery of Kevin-Sunburst field, the coming 
year will see an active search for new oil and gas pools in sharp-dip 
structures, following the success of prospecting in the Sweetgrass Hills 
during 1929. A dozen or more structures have been mapped in North 
Central Montana, several of these straddling the Alberta border. Four 
structures tested thus far have all shown commercial oil or gas or both. 


SwepTerass HILLs 


The first important development in the Hills area was the Rogers- 
Imperial gasser, which had an initial of 51,000,000 cu. ft. of dry gas per 
day, with a rock pressure of 1080 lb. T his well is located on a sharp 
nose running north from the hills into Alberta. Several wells drilled by 
independent operators on the American side, on the west flank of reserve 
structure, have developed a total open flow capacity of 30,000,000 
cubic feet. 

The third structure tested in the Hills area is known as Bears Den, 
where commercial oil was found at the base of the Cretaceous at 2470 
ft. The existence of oil in three lower sands has been established by 
two wells on the top of the structure, these two wells finding gas flows 
of 10,000,000 and 15,000,000 cu. ft., respectively, in the horizon where 


* For details of operations in Wyoming during 1929, see p. 537. 
+ Consulting Geologist. 
¢ Editor, Mortana Oil J ournal. 
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Den will oe be ie aon active of the Hills Golde aiaee ‘ie comi 


year. A fourth structure, Flat Coulee, is already proved for oil, but no 


further drilling was done after the completion of the discovery EN 
Tests are starting on three other Hills structures said to be equally — 


promising. The oil in these structures is by far the best quality yet 


found in northern Montana. It is paraffin-base, sweet oil of 44° gravity. 


A deep test drilled on Bears Den shows black oil of 18° gravity in the be 


Devonian, found at 3300 feet. 


Borper O11 FIELD 


West of the Hills, on the north flank of Kevin-Sunburst, is a new 
international oil field, called the Border oil field and sometimes referred 
to in Alberta as the Red Coulee field. The discovery well was drilled 
on the Alberta side of the line, but subsurface data indicate that the 
major portion of the structure is on the Montana side. The discovery 
well is producing approximately 60 bbl. per day of 34° gravity crude 
from a sand in the lower Jurassic, at 2400 ft. Because it was 800 ft. 
low on the north flank of Kevin-Sunburst, the wildcat was not generally 
noticed until it struck gas and oil. A scramble for acreage by both 
Montana and Alberta operators resulted in the highest prices for leases 


and royalties in the history of north Montana oil development. Five 


strings of tools are now working and several others moving in. 

The producing horizon of the Border field is shown as a “‘stray”’ 
sand in Kevin-Sunburst. It appears in only a few spots in that field, 
thickening to the north and east, as do all other sands, so that there is 
300 ft. of true sand in the Sweetgrass Hills area. The Ellis “stray” 
sand at the Border is reported to be 40 ft. thick. 


ReEcENT PROJECTS 


The existence of another pool on the flanks of Kevin-Sunburst is 
indicated by a well completed north of Cut Bank and fully 1000 ft. 
down dip, showing considerable 30° gravity oil, coming with 5,000,000 
cu. ft. of gas. Drilled by the Drumheller interests of Spokane, this 
well has attracted much attention, but no further drilling has been 
done during 1929. It is a 3000-ft. drilling and several more wells are 
projected for 1930. 

The success of prospecting at Sweetgrass Hills and the ene 
record of the Turner Valley field, with 5000-ft. drilling, has turned the 
attention of operators to the sharp-dip structures along the east face 
of the Rocky Mountains. A sudden realization of the similarity of 
these folds to Turner Valley led to a rush of lease men, who have leased 
up more than 200,000 acres, the leases extending from a point west of 
great Falls, northward 100 miles to the Canadian border, and Albertans 
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in turn have leased up practically everything along the face of the moun- 
tains from the border to Turner Valley. pris 4 “Ni i 

With the remarkable Royalite No. 4 well of the Imperial Oil Co. | 


~ still making 600 bbl. of naphtha daily, with no decline from its initial 


in 1924, Turner Valley saw the record of the Royalite shattered by the 
home No. 3 well which had an initial of 1000 bbl. of 74° gravity naphtha 
per day. At the same time a commercial pool was found on the flanks 
of the structure, which is producing 1400 ft. down structure. An 8-mile 
south extension, at the close of the year, gave further. impetus 
to development. - is 

The activity in the mountain area led to the starting of five wells 
in Montana. One near the border on Milk River anticline, not far from | 
Glacier Park, is being drilled by F. M. Fulton,who achieved important 
successes in Kevin-Sunburst and in Pondera, It will bea4000-ft. test. 
Seventy miles south, on Tejon anticline, United Oil & Refining Co., a 
Cosden subsidiary, is drilling a 3000-ft. test to the Turner Valley horizon. 
Twenty miles farther south Earl Oil Corpn. of California is drilling at 
600 ft. on a 4500-ft. test. Still farther south a Canadian group headed 
by Neil McQueen of Calgary is drilling a 3000-ft. test on a sharp-dip 
fold, Crown Butte, with more than 100,000 acres under lease. Another 
Canadian group is starting a 3500-ft. well on Choteau structure, near 
the town of Choteau, where several wildcat wells have had showings of oil. 


ToraL PropucTIoN IN MONTANA 

- This is considered deep drilling in Montana, although not compar- 
able with deep drilling in other states. Montana has produced in excess 
of $55,000,000 worth of oil in the nine years of its commercial oil develop- 
ment, and 90 per cent. of this has been produced from wells less than 1500 
ft. deep. Cat Creek, first commercial oil field in Montana, has yielded 
thus far approximately 11,200,000 bbl. of oil, in nine years, an average 
of about 18,600 bbl. to the acre, from a 20-ft. sand at 1400 ft. Deep 
tests in this field has been delayed by excessive overriding royalities. 
Operators have done little or no drilling for several years and the pro- 
duction declined in 1929 to 503,045 bbl., against a peak of 2,201,917 bbl. 
in 1922. This 54° gravity crude has commanded a premium of $1 per 
bbl. above the posted field price during the past year. Montana’s 
production in 1929 totaled 4,963,218 bbl., valued at $7,615,638. 

Experimental work in repressuring brought considerable increase 
in production in one lease, leading engineers to estimate that this method 
will cause present sands of Cat Creek to produce an additional 5,000,000 
bbl. of oil. 

: KEvIN-SUNBURST AND PONDERA 

Montana’s second shallow field, Kevin-Sunburst, also showed a 

considerable decline in production, owing to lack of drilling, while princi- 


een f 


2 


- evidence that the source of the oil in this field is some horizon below 


542 DEVELOPMENTS IN, “tu NOK TH 

pal operators were busy ih Bohtlors; Badiatfuce and other 
At one time during 1929 there were only two or three s st; 7 
at work, but this was increased to 50 strings during the fall mor 
operators sought to curb the decline. Meanwhile the price of oil 
again increased to ‘$1. 85 per bbl. A bonus of 10 c. or more is 
on 80 per cent. of this production of 30° gravity crude, which totaled 
2,129,013 bbl. in 1926. 

The decline is ‘attributed largely to development oi water in eae 
of the so-called East pool, a local structure of 1200 acres, which has 
produced in four years approximately 10,000,000 bbl. of oil. 

Deep drilling is in early prospect in Kevin’ Suntanen Growing. = 


oe? ad 


the Madison lime caused the drilling of a test to the top of the Ordovician, 
which corresponds to the Wilcox horizon of the Mid-Continent. A 200-ft. 
sand at 4500 ft. was found to contain oil and gas but not in commercial 
quantities. The test is located about 400 ft. down dip from the top of - 
the dome. A test to the Devonian is being drilled by the Texas Pacific 
Coal & Oil Co. This company made an effort to deepen the Frazer- 
Rice deep test, which found 50° gravity oil at 3390 ft. but the hole was 
lost. A report issued in 1929 by the U. S. Geological Survey! 
strengthened the belief that this oil is coming from deeper formations. — 
Pondera, Montana’s first 2000-ft. oil field, located 60 miles south of 
Kevin-Sunburst, set up a record of a total of 144 producers and but 
four dry holes during the past year. This field, commercially developed 
in 1928, produced a little less than 1,000,000 bbl. of oil during 1929. 
It is 36° gravity crude and commands a price of $1.95 per bbl. The 
field will have paid out the total cost of development by the end of the 
present year, with no further drilling. However, important north and 
west extensions were recorded late last fall. 


OrHeR Montana FIEips 


Lake Basin, near Billings, produced 19,000 bbl. of oil with no com- 
pletions. Carter Oil-Co. announced plans to drill another test on Six- 
shooter anticline after having completed a 5,000,000-ft. gasser in 1929. 
Prairie Oil & Gas Co. has taken over Porcupine dome, in Rosebud County, 
and is drilling two tests on a block of 100,000 acres. Development of 
Porcupine has been held up by the Government permit situation. 

Ohio Oil Co. brought in its first Montana oil field during 1929, 
getting commercial production on Dry Creek structure, in Carbon 
County in south central Montana. Ohio is drilling a second well while 
the discovery well i is making about 35 bbl. of gasoline per day with ordi- 


vA. J. Collier: The Kevin-Sunburst Oil Field and Other Possibilities of Oil and 
Gas in the Sweetgrass Arch, Montana. U.S. Geol. Survey Bull. 812-B (1929). 
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= Gas DEVELOPMENT 


a ad - Gas development is the outstanding feature of the North Rocky 


Mountain development for the coming year. Several projects are 


a reported nearing maturity. Minnesota-Northern Power Co. has 
extended its lines from the Baker-Glendive anticline to supply all eastern 


Montana towns and cities and is steadily pushing eastward through 


North Dakota, with the Twin Cities as the ultimate objective. Another 


project announced by this company is the construction of a 300-mile 
line along the “‘high line”’ of the Great Northern railway from Chester, 


near the Sweetgrass Hills, to the Dakota border, coupling in low-pressure | 


gas from Bowdoin dome. 

This same company built during 1929 a line from Kevin-Sunburst to 
Valier, Conrad and Choteau, Mont., a 93-mile line which parallels the 
Hope Engineering Co. line to Great Falls. 

That gas will be piped to the mining centers at Butte and Anaconda, 
providing a 50,000,000-ft. industrial and domestic load, is now considered 
acertainty. One plan is to extend the Great Falls line to Butte, coupling 


-in Canadian gas, providing an export permit can be secured. A second 


plan is to build a new line from the Sweetgrass Hills direct to Butte. A 


_ third project calls for a 200-mile line from northern Wyoming to Butte. 


More pretentious projects have been talked of one for the construction 


~ of a line to Spokane and thence to Puget Sound and another for the 


construction of a line to Minneapolis. 

Wyoming gas is now going to Salt Lake, the line from Baxter Basin 
having been completed during the past year. It is rumored that Mon- 
tain Fuel Co. may extend this line from Salt Lake City to the Pacific Coast. 


<p Pita tO) a 


Appalachian Petroleum and Natural Gas Fields hiring 1929 : a 


By CuHarues R. Ferrke, * PirrspuRrGH, Pa. 


(New York Meeting, February, 1930) 


Tue outstanding event of the year 1929 in the Appalachian area was 
the intensive drilling activity in the Bradford and Richburg pools of 
northwestern Pennsylvania and southwestern New York State, particu- 
larly the former, in connection with the continued extension of the five-spot 
system of water-flooding. More new development work was under- 
taken and completed than during any previous year since reclamation 
methods were first applied. This was due in part to an excellent price 
for oil and in part to discovery of the fact that more intensive methods 
(five-spotting) yielded greater profit. 

While several oil wells of comparatively large initial production were 


completed, no new oil pools of significance were discovered in the Appala- _ 


chian area during the year. A number of small gas pools were opened 
in areas already surrounded by producing wells and at least three others 
in areas located some distance from any producing pools. 


PETROLEUM DEVELOPMENT 


According to statistics of the U. S. Bureau of Mines, 33,757,000 bbl. 
of petroleum were produced in the Appalachian field during 1929 as 
compared to 31,060,000 bbl. in 1928.! Of the total 1929 production, 
23,391,618 bbl. consisted of Pennsylvania grade oil as compared to 
21,096,710 bbl. in 1928. The 1929 Pennsylvania grade production 
represents an increase of 37.4 per cent. over that of 1924. This increase 
can be attributed largely to the rapid development of bigliesee 
in the Bradford and Richburg pools. 

The Bradford field of northwestern Pennsylvania and adjacent por- 
tions of New York State experienced the busiest year since the boom 
days ‘of the early eighties. Wells completed during the year totaled 
2679. 2 

In spite of the high prices asked for acreage, which in some of the 
choicest territory has been as high as $6000 an acre, a considerable num- 
ber of properties changed ownership during the year. There is at pres- 
ent a pronounced tendency to consolidate the great number of small 
individually operated properties into larger units. 


* Professor of Geology and Mineralogy, Carnegie Institute of Technology. 
10il & Gas Jnl. (Feb. 6, 1930) 145. 
2 Oil & Gas Jnl. (Jan. 30, 1930) 279. 
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4 Taste 1.—Total Crude and Pennsylvania Grade Production Be States 


Barrels of 42 U. S. Gallons 


Total Crude Pennsylvania Grade 
State : 

1929 1928 1929 1928 
HCGTULLOKY Cet geA ete tere tres 7,776,000 | 7,359,000 2,603,000 
BNEW VOU Kno itis hen ots eee 3,346,000 | 2,603,000 | 3,346,000 | 2,875,710 
Central and Eastern Ohio...... 5,224,000 | 5,434,000 | 2,653,618 | 9,956,500 
Pennsylvanigedi ase: casita ion. 11,805,000 | 9,956,500 | 11,805,000 
MRenNCSSEE shee tis ci io so vie Nas 19,000 46,000 
Wiest, Virgimia..<. ac. sad. ba ees 5,587,000 | 5,661,500 | 5,587,000 | 5,661,500 
Appalachian area..............| 33,757,000 | 31,060,000 | 23,391,618 | 21,096,710 


Se ag ee 


In the Allegany field of southwestern New York State, which includes 
the Richburg and several other smaller pools, 406 wells were completed 
during the year. This field produced 2,951,992 bbl. of oil in 1929 as 
compared to 2,093,385 bbl. in 1928.8 

An area of approximately 350 acres was proved productive in the new 
Fifth sand pool discovered late in 1928 by the T. W. Phillips Gas & Oil 
Co. 2 miles southeast of Ekastown in Buffalo Township, Butler County, 
Pennsylvania. About 16 wells, ranging from 3 to 240 bbl. initial produc- 
tion, were drilled in this pool during 1929. By the end of the year its 
limits were pretty well defined. The wells have proved rather disappoint- 
ing in that they decline rapidly. 

In January, 1929, the Peoples Natural Gas Co. opened a small pool 
in the Bayard sand about 214 miles northeast from Clover Hill in Fallow- 
field and West Pike Run townships, Washington County, Pennsylvania. 
The discovery well had an initial production of approximately 200 bbl. 
In an area of about 380 acres, 12 wells have been completed, varying in 
initial production from 15 to 200 bbl. Four are now drilling. 

Perhaps the outstanding oil well of the year was that of the Manu- 
facturers Light & Heat Co. on the H. A. Day farm in Morris Township, 
Washington County, Pennsylvania, which on March 25, 1929, started 
off with an initial production of 490 bbl. from the Fifth sand. At the 
end of 6 months, it was making 125 bbl. and at the close of the year, when 
tubed, it was still flowing by heads at the rate of 50 bbl. Another well 
drilled 800 ft. to the south had an initial production of only 35 bbl. No 
new pool was opened by this discovery, inasmuch as the tract lies on 
the eastern edge of an already developed field. 

The outstanding development in Kentucky occurred in the Tri- 
County area of Ohio, Daviess and Hancock counties in the western 


3 Oil & Gas Jnl. (Jan. 30, 1930) 281. 
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part. of the state. In, ete area, 1070. new wells 
which 301 were dry, 48 were gas wells and 721 were 
an initial production totaling 45,839 bbl. This incr 
was more than the existing pipe lines were able to handle, necess ay i 
30-day shutdown of drilling, extending from Dee. 15, L202 to. nD 
15, 1930.4 

According to Walter F. Pond, State Geologist of Tannese 
production in the Clay County district of that state fell off conside - 
in 1929 and the total production of the state declined froms 46,983 bbl. — 
in 1928 to 22,551 bbl. in 1929. Het > 


NaturaL Gas DEVELOPMENT 


Probably the outstanding gas pool developed in recent years in the | % 
Appalachian area is the Clinton pool, in Franklin and Green townships, — 
Summit County, Ohio, south of Akron and somewhat to the east of the 
old producing territory of Central Ohio in the Clinton sand. This pool 
was discovered by S. J. and F. A. Brendel in July, 1927. The first 
well located in this vicinity by F. A. Brendel encountered production 
in the Clinton sand. About.90 wells outline a productive area of approxi- 
mately 15,000 acres yielding about 100,000,000 cu. ft. of gas per day. 

Early in 1929, considerable interest was aroused in Ashtabula County, | 
Ohio, by a flow of 1,500,000 cu. ft. of gas, with a rock pressure of 900 | 
Ib., in the Clinton sand, in a well 2 miles southwest of Conneaut, ata 
depth of 2730 ft. Three other wells drilled later in the immediate vicinity | 
encountered open flows of from 200,000 to 6,000,000 cu. ft. in the Austin- 
burg (Oriskany) sand at the base of the Onondaga limestone, consider- 
ably above the Clinton horizon. q 

Late in 1929, a well 114 miles north of Yorkshire, in Erie County, 
New York, discovered 1,500,000 cu. ft. from the Red Tefechines horizon. 
This discovery may lead to the opening of a new Medina sand pool 
some distance to the south of the main producing territory in the Medina 
sand of western New York State. It is fairly well established now that 
the Clinton gas and oil horizon of central Ohio is the equivalent of the 
Medina gas horizon of New York State. 

Deep drilling in the Richburg area of Allegany County, New York, 
failed to develop any further gas production during 1929. 

There was considerable leasing and geological exploration during 
1929 over a large area east of the present gas-producing territory of 
western New York State. Several deep tests will probably be com- 
pleted during 1930. . 9 

Near Williamsburg, about 214 miles south of Clarion in Clarion 
County, Pennsylvania, a new gas pool discovered during the previous 


4Oil & Gas Jnl. (Jan. 30, 1930) 175. 
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year has proved productive over an area of about 1500 acres. The gas 

_ was encountered in a sand near the base of the Mississippian; 18 wells 
__with open flows ranging from 100 ,000 to 2,250,000 cu. ft. and two dry 
holes were completed during 1929. 


In the gas territory of northwestern Pennsylvania in McKean, 
Venango, Forest, Elk, Clarion, Jefferson and Armstrong counties, 
approximately 400 wells were éotnpleted during 1929, with an average 
open flow of 140,000 cu. ft.; 18 per cent. of this number were failures. 
Perhaps the largest roaicene well was drilled near Walston, in Jefferson 
County, with an open flow of approximately 15,000,000 cubic feet. 

About 6 miles southeast of Washington, in Amwell Township, 
Washington County, in southwestern Pennsylvania, the Greensboro 
Natural Gas Co. during 1929 opened a small gas pool, about 160 acres 
in extent, in the Gantz sand. Of 10 wells drilled in the vicinity, four were 
failures. The two best producers had open flows of 1,400,000 and 
5,250,000 cu. ft. per day respectively. 

Wildcat drilling in southern West Virginia during 1929 resulted in 
the discovery of a new gas pool of both local and regional importance 
in the southwestern part of Monroe and adjacent portions of Summers 
County, West Virginia, near Bozoo Post Office in the former county. 
The discovery well encountered an open flow of 239,000 cu. ft. of gas at 
a depth of 3105 ft. in a sand that David B. Reger, Associate Geologist of 
the West Virginia Geological Survey, has correlated with the Weir sand 
in the lower part of the Pocono sandstone series. Another well, 114 
mile north of the discovery well, drilled by the same company, opened 
up a flow estimated at 2,500,000 cu. ft. daily at a depth of 2916 ft. in 
the Squaw sand, which lies about 90 ft. above the Weir. This well 
developed water trouble shortly after completion and is now being deep- 
ened to the Weir sand. While these wells would attract little notice 
if located in the developed gas fields of West Virginia, they are of unusual 
interest because they are more than 40 miles from the nearest small 
gas pool and more than 50 miles from the well known gas areas of south- 
ern West Virginia and only 6 miles north of the St. Clair overthrust 
fault along which there is a displacement of 5000 ft. or more. ~ 


"Petroleum eidhsc ac in Indiana and lin 


ohn | 


(New York Meeting, February, 1930) 


THE year 1929 was one of continued activity in the petroleum industry F 
of Indiana and Illinois but the new production obtained has not been | 
sufficient to offset the decline in the production of the old wells. (Table — 4 
1). Drilling costs have not changed materially during the year and the © 
prices of crude oil have increased slightly so that the prospects for further 
testing are good. The total number of completions in Illinois in 1929 
(Table 2) was greater than for any year since 1917. More than half of 
these were in the Dupo field, St. Clair County, and the development of _— 
this field was largely responsible for the increased ratio of producers to _ 
dry holes in the state asa whole. In the southeastern Illinois field which 
has produced about 97 per cent. of the state’s petroleum the number of 
completions was greater than in 1928 and the percentage of producers 
was a little higher. Although a number of scattered wildcat tests were 
drilled most of them were not located on favorable structure and the 
only noteworthy discovery was that of a shale-gas horizon at shallow 
depth in Morgan County in western Illinois where gas has been produced 
for a number of years from sandstone and limestone. In Indiana the 
number of completions (Table 2) was only slightly less than in 1928. 
Most of the new wells were drilled in the southwestern part of the state, 
which now produces more than 90 per cent. of Indiana’s petroleum. 


. 


Taste 1.—Petroleum Production in Indiana and I llinois, 1925-1929 


Indiana 
Illinois, 
Southwestern, Northeastern, Total, Bbl. 
Bbl. Bbl. Bbl. 
1925 649,000 180,000 829,000 7,863,000 
1926 658,000 150,000 808,000 7,760,000 
1927 726,000 126,000 852,000 6,994,000 
1928 963,000 90,000 1,053,000 6,462,000 
1929 912,000 65,000 977,000 6,304,000 


eee 


* By permission of the Chief, Illinois State Geological Survey. 
| Geologist, Petroleum Section, ‘Illinois State Geological Survey. 
t Indiana State Gas Supervisor 
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TABLE 2.—Wells Drilled in Indiana and Illinois in 1929 


Initial Production 


Com- . Uncom- 
States pletions | Gas Oil Dry pleted 


. Gas, Cu. Ft. 
Oil, Bbl. per Day 


MONOID ce sore ws Son 0 193 39 70 84 37 2,427 | 38,865,000 


PUROIS Soren <3 433 18 313 101 13* 16,030 4,588,000 


a a NN a ae See $A kee ee 
; * Wildcats only. 


The most interesting development was the drilling of several large gas 
wells in Gibson County. It is probable that most of the new drilling 
in 1930 will be in southwestern Indiana and southeastern Illinois which 
are part of the same petroliferous province. In southwestern Illinois 
it is expected that a number of deep tests will be made on the known 
structures in that area. 
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Petroleum Developments in Mississippi during 
By Rapa E. Grim,{ University, Miss. a 


(New York Meeting, February, 1930) 


Wir the exception of the extreme northeastern part of the 
Mississippi lies wot within the Gulf Coastal Plains, The 1 


the central part of the state. This structure is a are the sh: of 
burial of an igneous ridge on the old sea floor. The ridge trended in a 
northwest direction from about the town of Jackson in Hinds County ¥ 

. into southeastern Arkansas. The present structure is the burial of | ‘ 
‘ the ridge. ty. 
Recent detailed surface work by major oil companies has suggested 
smaller structures in other parts of the state, but so far they have not been ‘ 
definitely proved. Also considerable magnetometer and seismographic 
; work has been done in the northern and central part of the state. The — 
results of the operation of the seismograph are not yet available, but the — 
magnetometer located many “magnetic highs” in this part of the state. _ 
Outside of the area of the Jackson structure, the exact cause for this mag- 
netic variation is not known. In a portion of south Mississippi, con- 
siderable seismographic work has been done recently in an attempt to 
locate salt domes. While the details are not available, it has apparently 
met with little success. 

Prospecting by districts during the past year may be summarized 
as follows: 

Five wells of importance were drilled in the Amory district of east 
Mississippi. This district comprises all or parts of Monroe, Lee, — 
Itawamba, Prentiss, Alcorn and Tishomingo counties. Small gas was 
discovered at about 2500 feet. 

Several wells were drilled in the Jackson district which is located in 
part or all of Hinds, Rankin, Madison and Yazoo counties. Some of 
these wells were abandoned and one was shut down most of the year. 


* Published with permission of the Director, Mississippi Geological Survey. 

This paper has been condensed for inclusion here and a limited number of separates 
of the complete paper are available. The latter contains considerable detail relating 
to the petroleum geology of Mississippi. 

+ Mississippi Geological Survey. 
10. B. Hopkins: Structure of the Vicksburg-Jackson Area, Mississippi. U. § 
Geol, Survey Bull. 641-D (1916). : 
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‘enough. Depths at which drilling ceased varied from 
imately 3300 to 4100 ft. As a result of geophysical work on the 
n structure in the past year, 1930 will probably show continued 
lrilling activity. re FHA) ane) ~ 
A well drilled in 1928 in the Meridian district surrounding the city of 
Meridian in Lauderdale County, was authentically reported to have 
- encountered a sand saturated with oil at 2812 ft. in the Tuscaloosa 
_ formation. This renewed the activity in this district and enlisted the 
. interest of the major oil companies. There are two wells drilling in this 
area at the present time. Leasing has been active and very probably 
ta additional wells will be drilling in the near future. Two wells are being 
_ drilled in the Water Valley district which surrounds the town of Water 
_ Valley, situated in Yalobusha County. ; 

Investigations made years ago north of the town of Houston in 
Chickasaw County, has led to intermittent drilling in this area by local 
companies. A well which has been drilling during the past year is shut 
down at present due to litigation. In Lincoln County in south Missis- 
sippi, a well is still drilling. The reason for the location of this well is 
not known. 
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arren County is drilling and promises to be interesting if — 
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Chapter XIV. Foreign Production otis 


World Petroleum Production during 1929 


By Vaenrin R: Garrias,* New York, N. Y. 


(New York Meeting, February, 1930) 


TueE world’s petroleum production in 1929 is estimated at 1,479,335,- 
000 bbl., which represents an increase of about 157,000,000 over 1928, 
as compared with an increase of 61,000,000 bbl. in the previous year. ~ 

During the present year a more definite policy of conservation has 
been seriously considered by the foremost executives of the companies 
controlling the bulk of domestic and foreign production, and the United 
States Government has taken an active interest in the development of 
this program. Definite steps have already been taken and the industry 
is gradually establishing a foundation for closer and more intelligent 
cooperation. The entire program, however, is still in a formative or 
experimental stage, 

Among other salient constructive steps may be mentioned the estab- 
lishing of tentative agreements of unification in the price of oil products 
exported from the United States, the putting into effect of a gas con- 
servation law in California, and the marked tendency towards con- 
solidations of the various branches of the industry into larger units. 

The publication of the draft of the proposed petroleum law in Colom- 
bia and of the Mexican Labor Law, on the other hand, has created papre- 
hension and uncertainty. It is confidently expected, however, that 
these perliminary drafts will be materially modified before the laws 
are promulgated, or otherwise they may destroy the interest they are 
intended to protect. 


UNITED STATES 


Production in the United States, which remained stationary during 
1927 and 1928, increased about 105,000,000 bbl., or 11.6 per cent. This 
increase is due primarily to deeper drilling in the California fields and to 
the discovery of new pools in Texas and Oklahoma. The progress 
of the conservation program was marked by the action of the Government 
in stopping further permits to drill on Government lands; by putting into 


effect early in September the California Gas Conservation Law, and by 


* Manager, Foreign Department, Henry L. Doherty & Co. 
552 


> ’ 
ee a ee se eee 


VALENT{N R. GARFIAS 


Wortp PrerroteuM Propuction 
Thousands of Barrels 


19292 19285 1927 
deUnited States ci in. ooh. Gan. 1,006,700 901,474 901,129 
2 Venezuela Steet ty ae eee 138,900 106,000 63,134 
PMR INA 5 ch Seger SR ire Bex ous. 98,000 87,800 77,018 
peri Mlexieo). 13 schieas 2h wea a; . 44,700 50,150 . 64,121 
CHU sen ee er ee 43,000 42,080 39,688 
6. Dutch East Indies............. 36,000 28,500 25,967 
Pee USBE IN 2k oe oy os ek 33,000 30,600 26,368 
See OOMIAs ao 20,400 19,900 15,002 
we Pere.) gFe SROs | Par pee 12,500 11,970 10,135 
LOvivgontimad/, civgesiiio Jig. <9) 10,000 9,100 8,630 
A PPERRUMGA let rie rca ait esc ona: 8,700 7,750 5, (ali 
AOE ah ng 8,300 8,300 7,878 
WOMOATA WA ieee ees eae 5,300 5,290 4,943 
Lg as uli geen Sie tates laine Renae 4,700 5,530 5,342 
dibtedapan ots LIAM ee Ws a 2,000 1,800 ste 1700 
1OMECVpi a2: eth arsed | kd oad. 1,900 1,840 1,267 
A he a oa oS a 1,200 509 440 
ES MO ANACA SW men MR fas ae con ae 1,100 : 618 477 
LOMBICUAD OMe pack .cueee Sole ce 1,000 1,090 537 
DOU MMGENINSN Vrs ies cc. oss cw 700 683 663 
He! Veo NLS Os Oe ee 500 650 200 
22ugUraneetuse), £4 = acu fait akod ay 500 520 504 
23. Czechoslovakia...... 170 150 149 
MN er LG 8 rar, ca 43 43 44 
ZOMOMELSREM MT ttc ic sine tee ose 22 23 25 

1,479,335 1,322,370 1,261,073 


« Figures for 1929 are in part from World Petroleum. 
’U. S. Bureau of Mines. 


the Kettleman Hills, Oklahoma City and West Texas conservation 
agreements. Crude stocks increased about 37,000,000 bbl. during 1929 
compared with an increase of 17,000,000 the previous year. The average 
shut-in production is variously estimated to be from 30 to 60 per cent. 
of the total. 


VENEZUELA 


The 1929 production of the Venezuelan fields was 138,900,000 bbl. 
showing an increase of about 33,000,000, or 30 per cent. over 1928; the 
output has been to some extent regulated by mutual conservation agree- 
ments between the leading producers. Other important developments 
were the completion of a refinery in the island of Aruba, and the laying 
of a pipe line from the Colon District, which will bring into the Mara- 
caibo market early in 1930 the higher grade oil from the Tarra field. 


at 98, 000, 000 sae penetra 7 per phe “of Ans : 
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Mexico 


Coltrary to the general upward trend in every important prod 
country, Mexico again bem oe a decline in spas 5 This s 


was 44,700,000 co or 5,000,000 bbl. less than 1928. The cour 
may have produced this year less than Persia, and, should the downward 
course continue, possible Dutch East Indies will outrank Mexico during | 
1930. The outstanding event, besides the speedy suppression of t! 
revolution which started in March, has been the publication of the dra. t 
of a new labor law. Some of the provisions of this law have caused wide- E 
spread apprehension in some quarters. A new administration has been e 
; established in Mexico, and as it should be in power for its full term 
: its policy in regard to the petroleum industry should be a controlling 

factor during the next 6 years. . a3 


PERSIA 


With a production variously estimated between 43,000,000 and 
46,000,000 bbl. during 1929, Persia may have displaced Mexico as fourth 
in rank. Areas to the north and south of Mesdjid-i-Suleiman, the main 
producing field, have been proved, and although no production is obtained — 
from these areas, it is reported that the shut-in production from these — 
and other regions is in excess of the present yield. 


Dutcu East INpIEs 


The production of Dutch East Indies increased somewhat, the pre- 
liminary figures of 35,000,000 bbl. indicating that it has surpassed the 
Rumanian output. 

RUMANIA 


Production in Rumania has increased steadily during the last 10 
years and reached the figure of about 33,000,000 bbl. in 1929. A more 
liberal petroleum law has been promulgated, bringing about a wider 
foreign interest in the Rumanian fields than heretofore. 


COLOMBIA 


Production in Colombia has been maintained to the capacity of the | 
existing pipe lines, about 20,000,000 bbl., with no marked change from 
1928. The outline of the new petroleum law has caused widespread 
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disappointment, since it is realized that if the law becomes effective in 


its present form it will serve to postpone indefinitely major operations 
by bonafide operators. 


PEeru 


The production of Peru shows a small increase and totals about 
12,500,000 bbl., or 500,000 over the preceding year. 


Minor Propucers 


Of the countries listed as minor producers, Sakhalin, Canada and 
Germany showed important developments. 
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VENEZUELA has continued during 1929 to demonstrate that Ps 
destined for many years to come to be one of our most important sour 


expectations that oil will be found and produced from many other pools 
and from several different geological formations. The finding of these — 
new oil pools is not going to be easy, because the surface evidences of 
geological structure are scanty, and the subsurface problems are difficult, — 
but intelligent effort backed by ample resources may be counted upon ~ 
to overcome these obstacles and lead to a continued increase in the 
number of producing fields in Venezuela. 

During 1929 the total production of Venezuela was approximately 
135,953,000 bbl., an increase of nearly 30,000,000 bbl., or 28 per cent., 
as compared with the preceding year. During 1929 oil in steel storage 
in Venezuela decreased from 13,000,000 to about 11,000,000 barrels. 

Tables 1, 2 and 3 briefly summarize Venezuelan production by fields 
and by years, and show the trend of production since its establishment 
on a commercial basis. 


TaBLE 1.—Production of Crude Oil in Venezuela by Years, 1917 to 1929 
All Figures in Barrels of 42 Gallons 


; of crude petroleum. The producing fields of the Bolivar Coastal distri 
— along the east side of Lake Maracaibo have continued their hence 
4 production, and two new fields have reached the near producing stage, 
4 while the results of deep test wells have strengthened the predictions and 


Toray PRopucTion Toran PRopuction : 
YrAR : VENEZUELA, Bat, YRAR VENEZUELA, BBL. 
bY Bre th etc duet okt 227,000 L927 ssn eons ees eee 63,181,000 ; 
TOUS een Sir aaa RY A BO38,0005 LO 2B i cmneten ee eer eee 106,000,000 
NL eerie noe Ne Cys ete Bahai 258,000) “1920)5. 5.2 ue ee eee 135,953,000* 
LOZOT re nineora tt pmedh comes 548,000 Grand Total Since Incep- : 
OZ De N YS ya teceh ones 1,544 0008 “tine ee ee 380,791,000 
PP Pa Pt a ht «a ole ... 2,448,000 Increase, 1929 over 1928... 29,953,000. 
1923...2::uccee eines 4,170,000 Per cent. Increase......... 28.2 
1924.5)... case 9,234,000 Per cent. 1929 Production 
109533-\4; 2 ee 90:219,000 "| of Tokal casa eee 35.7 1 
1926 sno Tc. Re eee ee 36,641,000 


* Includes estimate for closing period of 1929. 


* Consulting Petroleum Engineer, Pan American Petroleum & Transport Co. 
{ Petroleum Engineer, Pan American Petroleum & Transport Co. : 
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_ GENERAL Firitp DrEvELOPMENTS 


The Bolivar Coastal fields on Lake Maracaibo continue to be. the 
center of interest in Venezuela and the source of the greater part of 


production. The scene of greatest drilling activity shifted during the 


year from Lagunillas to Ambrosio where the Venezuelan Oil Concessions, 
Ltd., and the Venezuela Gulf Oil Co. indulged in a spirited line fight 
along the lake shore. A sharp southward plunging syncline was found 


TABLE 2.—Production of Crude Oil in Venezuela by Fields, 1928-1929 


. Region 1928 oF ove l O29 7 

State of Zulia, Bolivar Coast: . = 
EG on ee ae ee 2,103,812 8,000,000 
OO ee ae ee Ree 25,122,655 31,400,000 
Punta Benitez, Unity and Tia Juana............ 1,227,898 620,000 
Tok ee On ae a ae ea Semi 61,554,219 78,980,000 


90,008,584 | 119,000,000 
13,287,716 14,100,000 


AS ge ee et ae ee a 10,231 10,000 
Meare AIM A ce A Svs «Mad eee secs oe 15,408 29,000 
ER ee ae oe ae ea §2,032 51,000 
easlarra and Hinsde Oro* <<... < ts... c-..s xt - 134,304 282,000 
EMM AMARU Maem ook Adee ok oslo wos, oie ce ck 13,499,691 14,472,000 
EAN Tiana ai Re SL Si 103,508,275 133,472,000 
State of Falcon: 
2) ULI Sopra eat een a ie een 1,866,538 1,985,000 
PRIMO TENBUDOO Roi ec. So een cae cece sce 29,857 40,000 
Dabajuros. tt. vu de 60s «> ov: Tet Moe eee 6,955 18,000 
RR IR ee eee fo LAE cid ni Sm wise a hee en 28,087 85,000 
NG Tay 0) ot a eee ee rr 1,931,437 _ 2,128,000 
Eastern and Central Venezuela: 
Deaturin, (Quiriquire)*) 00085 c ce bs eek ees 32,163 
ES ce ag they ee ie tie dineaiaas al gala ge 7A 530,525 353,000 
aotal Hast-und Central... occ. cet ee eee es 562,688 353,000 


106,002,400 | 135,953,000 


* Indicates fields producing for fuel only. 
t Includes estimate of production for closing period of 1929. 


between the La Rosa and Ambrosio fields, but the oil sands continued 
to be productive entirely across it, and the two fields are now completely 
connected. The productive area at Ambrosio is limited on the west 
by an unconformity which cuts out the oil sands, but the field is still 
open for some slight extension north and south. Eastward, on land, 
the Venezuelan Oil Concessions, Ltd., has a large block of productive 


acreage which is being gradually drilled up. 


confined se the 


TABLE 3. _N umber of Wells, iia: “Depth, Gravity y 
Estimated Potential Production 
Approximate figures as of Dec. 31, 1929 


At oe eae is 
ee su 


: i 5 ot 
Region Wels, Num- Deptt aieg re Het 
State of Zulia, Bolivar Coast: 
Ambrosio....... OS a 94 2,421 2175 
LDS Rl aN ONS AAS rage Oe rect 615 | 2,470 | 15.0 to 27.5 | 
Punta Benitez and Unity......... 42 2,463 | 18.7 to 27.4 | 
Tis Jane. Soo ee ree ee eae 7 2,611 | 16.0 to 18.0 
Legunillas; ss. een eee eee 477 3,499 | 13.4 to 19.0 | 316,900 — 
Total SBolivar scm. ots hee oe es 1,235 
bos Barrosos* es) ate aes Se 2 2,429 | 16.0 to 22.0 
Mener Grande. aia aoe ee 178 2,122 | 16.6 to 27.6 
IMRT Eire en Mee era eae eae 1 3,840 30.9 
La Paz*.. 22 1,397 | 22.0 to 28.0 
Concepcion)... cat ee ae eee 59 1,579 34.4 
otumo) (Rio Palmar) i. .5.. 0: 8 2,153> 19.7 
La Tarra and Rio de Oro*....... 25 1,935 | 23.0 to 39.3 
Total Other. °-8< am Jone eee 295 = 
Mota Z Glia; : Binet haitae soe 1,530 : 528,465 
State of Falcon i= 
EloMeneysc: Sts aoe aie 166 1,325 | 33.0 to 48.5 5,000 
Hombre, Pintado.s=se nen. ace 4 2,021 | 19.0 to 29.0 350 © 
Dabajuro*. 7. trace et ccaeok 1 4,500 | 19.0 to 30.0 500 
Urumaco (El Mamon)*........... 2 3,419 34.5 © 1,500 
El Mene del Salto aaew.cm. one lee 10 956 44.0 1,300 
Khas yPalmas.? 9 Boeck ween ee 4 1,804 | 32.0 to 42.0 
‘hotalsFalcoul:,. 22 eee. ce tee 187 8,650 | 
Eastern and Central Venezuela: x 
Maturin (Quiriquire)............. 11 2,505 19.0 4,000 
GUANnOcO. Akela. oes 5 ant nee 10 1,142 10.5 1,200 
Total East and Central Venezuela. 21 5,200 
Grand Total Venezuela........... 1,738 542,315 


the field, is the most important. 


* Indicates fields producing for fuel only. 
t Includes wells closed in, working over, and inactive. 7 


This well was completed in December 


Gulf Oil Co.’s Lagon No. 1 (Table 4), located more than 2 km. south of 


for a paadubeite of 680 bbl. of oil, 16.2° A. P. I. gravity, at a total depth 


of 4984 ft. 


This well is nearly 600 ft. structurally lower than any other — 


; 


1 eee 


eS See 
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well in Lagunillas and increases the vertical range of production between 


the north and south ends of the field to about 2700 ft. Lakeward the 


Lago completed well No. 479 somewhat over 3 km. from shore, which 
showed for a good well but was not tested. Farther north, 2 km. offshore 
from Punta Tamares, the Lago completed well No. 890, producing 


_about 150 bbl. of 22° A. P. I. gravity oil at a total depth of 3628 ft. 


The character of the oil confirms the geologic explanation that the 
Lagunillas sands have pinched out, and that the production is being 
obtained from the Santa Barbara group and possibly from the upper 
part of the underlying El Mene shale (Miocene). The Santa Barbara 
is the lowest producing formation in the La Rosa field and has previously 
been identified as far south as Lagunillas village. 

The areal limits of the Bolivar Coastal fields are as yet unknown 


except at a few points where the oil sands are cut out by the basal uncon- 


formity, but an area 50 km. long and from 2 to 6 km. wide has already 
been blocked out as proven or semiproven acreage. The immensity 
of the area makes it certain that a large production will be maintained 
for many years to come. : 

No developments of particular importance can be recorded in the 
other producing fields of the Maracaibo Basin. Substantial amounts 
of oil were produced at Mene Grande and El Mene, but the suspension 
of activities continued at Concepcion and La Paz. In the District of 
Colon, the development of the La Tarra field has been actively carried 
on and a pipe line is being laid to a ship-loading point at the mouth of 
the Escalante River. Early in 1930 shipments are expected to begin 
at the rate of 20,000 bbl. per day. The Totumo field has not yet reached 
the producing stage, since the 10 wells so far completed in this area 
have been too small to be considered commercial producers in such an 


isolated field. 
New Pool in State of Falcon 


In thé State of Falcon, the new fields discovered in 1928 continue 
to be developed, and one new discovery was made. In May, 1929, the 
British Controlled Oilfields, Ltd., brought in their Media No. 2 with a 
production of 200 bbl. per day of 38° A. P. I. oil. The new pool lies 
within the faulted zone that extends through El Mene to Dabajuro and 
is, therefore, expected to be of rather limited area. ‘The development 
work at Dabajuro and Urumaco has added considerably to the proved 
area in both fields. The Hombre Pintado field has been connected by 
pipe line with El Mene, and oil is being shipped via Alta Gracia. Noth- 
ing spectacular has yet been discovered in the State of Falcon, but it 
appears probable that a number of small pools will be found which will 
produce substantial amounts of high-grade oil. The geographic align- 


. TABLE 4. Weldeat Wells in Vela 1920 


ment of the pools along the ae 
of the oil by a single trunk pipe line, 

The El Mene del Salto field in eastern Falcon is is expec 
into commercial production during 1930. A 6in. ‘pip 


planned which will extend to tide: water at the port of 


; Date 
District Well No. Company Spudded 
Rares bate ga a ea rot Aguide 1 pied nko are Pe- | March, 1929 | 
. : troleu: 
4 Buchivacoa.......| Cardon Solo 1 | British oe Oil- | Aug., 1928 
: _.|El Zamuro1 | Standard Oil Co. of | July, 1928 
Venezuela § 
Lianitos 1 oe ee Oil- | Sept., 1928 
, C) 
Media 2 British Controlled Oil- Aug., 1928 
fields, Ltd. 
Media 3 British Controlled Oil- July, 1929 
fields, Ltd. ‘ 
Vega Oscura No. British € Controlled Oil- | April, 1929 
1 fie 5 
Democracia...... Culebra 1 Richmond Petroleum | Jan., 1929 
‘Miranda........ .| Rio Seco 1 Crook Petr. Corpn. Oct., 1929 
Merid: F 
Usbertaidee oi Boscan 4 Venezuelan Sun, Ltd. | April, 1928 
Zuli 
Teoiva¥ Piss team Te Lagon 1 Venezuelan Gulf Oil Co.) May, 1929 
LL 890 Lago Petroleum Corpn.| Aug., 1929 
Colon. Sie. ata Los Manueles 3 | Colon Development | July, 1928 
O. 
Rosario 1 Colon Development | Jan., 1929 
3 0. 
Mara inthis. cae. Amboy No. 1 Venezuelan Gulf Oil Co.| June, 1928 
Calentura 1 Orinoco Oil Co, Dec., 1929 
Netick No. 1 Orinoco Oil Co. 
Socuy No. 1 Soc. Frangaise de Re-| Nov., 1929 
cherches au Venezuella 
Zuljy 1 Atlantic Refining Co. | Dec., 1928 
Perija gai cap niceties El Leon Rio Palmar June, 1929 
Garcia 1 Creole Petr. Corpn. Sept., 1928 
Garcia 2 Creole Petr. Corpn. June, 1929 
Garcia 3 Creole Petr. Corpn. June, 1929. 
Neopod 1 California Petr. Explo- | May, 1929 
ration Co. 
Peroc 1 Rio Palmar Dec., 1929 
Peron 1 Rio Palmar July, 1929 
BUGLE. cote ewes Zulod 1 Soc. Francaise de Re- | Sept., 1929 
cherches au enerzelia 
Zulom 1 Belgo Ven. Oil Dec., 1929 
Urdaneta......... Bajo Grande 1 | Venezuelan Guia Co. | Nov., 1929 
Bernal 1 Venezuelan Gulf Oil Co. | Dec., 1928 
Cacuz 1 Soc. Francaise de Re-| Nov., 1929 
cherches au Venezuella 
Cahuz 1 Union Oil Co. of Cali- | April, 1929 
fornia 
-| Carmelo 1 Venezuelan Gulf OilCo, | Sept., 1928 
Covir 1 Venezuelan Gulf OilCo, | Aug., 1929 
Ensenada 1 Venezuelan Gulf OilCo. | June, 1929 
Larrain 1 California Petr. Explo- 


ration Co. 


March, 1929 


| Drilling below 4789 ft. 
Drilling below 3012 ft. 
Abandoned at 5408 ft. 


> Chi 


/ YP 
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Producer at 2210 ft. 21 
bbl. 38° Bé, 


Drilling below 1895 ft. 


“Producer, 12/15, fas 
an we 1. 


depth, *iogd it 
Completed 16/14/ 29. 
Producer, 212 
24.4° a “ Ts 
near 3 


Tote 


Dailies. Dele 4171 ft. | 
Drilling below 6850 = ‘ 


Abandoned at 5316 ft. 
Drilling below 1060 ft. 


Completed 14/2! 
Producer, az th ‘i 
28.79" Ay) Pork ‘at 
5551 ft. 


Total depth, 5757 ft. 


Shut down at 2185 ft. 


to abandon. 
Abandoned at5180 ft. 
Producer at 1619 ft. 
Abandoned at 7102 ft. 


Abandoned at 3529 ft. — 


Abandoned at 2270 ft. 
Drilling below 6854 ft. 


Drilling below 1635 ft. 
Shut down at 3233 ft. 
Drilling below 3109 ft. 


Drilling below 535 ft. 
Drilling below 2727 ft. 
Abandoned at 5431 ft. 
Drilling below 3348 ft. 


Abandoned at 6438 ft. 


Abandoned at 5461 ft. 
Drilling below 5720 ft. 
Abandoned at 3996 t. 
Drilling below 5775 ft. 
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Eastern Venezuela 
In eastern Venezuela an oil field is being opened up by the Creole 


Petroleum Co. at Quiriquire in the District of Piar, State of Monagas, 


which has the earmarks of being an important development. Ten or 
12 oil wells have been completed and have proved up an area of several 
square kilometers. A potential production, estimated at 4000 bbl. per 


_ day of 19° A. P. I. gravity oil, has been developed, and preparations are 
being made to begin shipments of crude about the middle of 1930. The 


oil is reported to be found in the sands of the Llanos formation, Tertiary 


_ Age, under monoclinal conditions, and since the limits are as yet undefined, 


the area, appears to have the possibility of becoming a major oil field. | 
The Creole Petroleum Co. is building a pipe line to the San Juan River 
at Caripito, and is preparing to move out as much as 10,000 bbl. per day. 


Vessels of 20-ft. draft can reach the proposed loading piers. 


Prospecting on West Shore of Lake Maracaibo 

The west shore of Lake Maracaibo is being prospected with consider- 
able thoroughness. The deep wells of the Gulf and Creole along the 
shore of the lake, and of the Gulf, Richmond, and Union farther inland 
have shown that throughout a large area in Urdaneta and northern 
Perija the Miocene oil-bearing formations are overlain by 5000 ft. or 
more of unproductive Maracaibo and Puerta beds. There still remain 
possibilities for production on anticlinal structtire in the ‘underlying 
Eocene and older formations, but the Miocene possibilities appear less 
favorable than is the case in the Bolivar Coastal district. Prospect 
drilling is being actively carried on by several companies, and interesting 
developments may be anticipated during 1930. 

In the District of Mara, the Netick No. 1 of the Orinoco Oil Co., 
in which oil was discovered in 1928, was finally completed as a 377- aa 
producer in April, 1929, with a total depth of 5551 ft. The oil has a 
gravity of 28.7° A. P. I. and is said to be coming from a formation of 
lower middle Eocene Age, which is the probable equivalent of the Misoa. 
Two wells have been abandoned at depths below 5000 ft. and two new 
tests are now drilling. 


DISCUSSION 


C. P. Watson,* Fort Worth Texas.—It seems rather significant that every paper 
dealing with production! has shown a surplus and a large potential reserve. 

H. J. Wasson, t New York, N. Y.—There is little to be added to Mr. Estabrook’s 
informative paper. I agree with Mr. Watson that our concern regarding oil shortage 
is being allayed with each new area that is discussed. 


* President, Federal Royalties Co., Inc. 
1Tn this volume. 
+ Consulting Petroleum Geologist. 
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Fia. 1.—AVERAGE NUMBER OF DRILLING RIGS OPERATING IN VENEZUELA ANDANNUAL 
PRODUCTION PER RIG. 
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Fig. 2.—ANNUAL PRODUCTION PER DRILLING OPHRATION. 


drilling operations instead of in terms of barrels, this viewpoint could be shown to be 
highly erroneous. Ido not say that it is entirely sound to measure the rate of curtail- 
ment by the rate of drilling, but the two are certainly functions of each other, and I 
think you will be surprised to see what the rate of drilling is in Venezuela. 

The dotted line in Fig. 1 indicates the average number of drilling rigs in active 
operation during each year, from 1920 to 1929. It includes all drilling wells in pro- 
ducing fields and about 20 wildcat operations that have been in constant progress. 
Starting in 1920 at approximately 10 rigs, the number increased steadily to 1926 


oduction by the number of rigs in operation during the year. 
change i in the curve while the Mene Grande field was the only 
then La Rosa caused an increase in 1924 and the rapid increase since 
he result of development of prolific wells in the Lagunillas field. In 1929 the 
‘ion for the country Ct ie ee about 1,600, 000 bbl. per drilling operation. i is 


on the Stun a te fee Eich drilling operation in " Venemiela, “‘Oliahoeis 
oN California. 


ri A L. EstaBroox, New York, N. Y.—You may be interested in some drilling data 
ei fore Venezuela. The formations are very soft, and some remarkable records on com- 
_ pletion time have been made. For instance, we complete wells up to 3000 ft. deep 
in less than 15 days, including time for cement to set; 4000-ft. wells are completed in 
only afew days more than that. We have drilled as much as 2500 ft. without coming 
out of the hole. 
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The fulfillment of the set-out programs saailae the past fowt years tt <: 
therefore the present five-year plan of considerable importance to th 
international oil statisticians in approximating actual supply conditi 
up till 1933. 

The production of all Russian fields increased by 14,200,000 bbl. = 
as compared with the 1927-1928 operating year, while the next year : 
program anticipates a further increase of 15,700,000 barrels. 


. 
: TasLE 1.—Russian Petroleum Production by Fields 
Millions of Barrels 
1920-30 | 1932-33 
1916 | 1922-23 | 1926-27 1927-28 | 1928-29| Esti- ati, 
: mate: mated \ 
Bakitrnncte atta a 55.81 | 25.30 | 49.00 | 54.15 | 62.1 71.4 78.5 
Grozny (incl. Kuban)....| 12.73 | 10.90 | 22.79 | 26.50 | 32.4 37.8 | 38.4 
Himba eri oc tag eteu iets 1.827) .0.97 1.83 1.82 1.86 1.95 
Murkestaninan. hes aster ern 0.44 0.21 0.26 | 0.26 0.50 
Saghalion a sweean ince! None | None | None | None | 0.23 0768)" 
Qualys. sete. ae ee None | None | None | None | None 0.14 AS 
72.80 | 37.17 | 73.98 | 82.60 | 96.80 | 112.50] 187.00 
It appears therefore that production for 1932-33 will total 187,000,000 
bbl., or approximately double that of the operating year just closed. 
It is also evident that the old fields are counted upon to produce only — 
about 67 per cent. of the total, the new fields, not yet discovered, to 
furnish the balance of 33 per cent. 
a The Soviet oil leaders therefore are hoping to have new fields dis- 


covered and developed by 1932-33. However, as in the past wildcatting 


* Consulting Geologist. 
564 


‘ 


4 


BASIL B. ZAVOICO 565 


. has been distinctly spitiieus positive results, and new field development 
is extremely slow, the relative importance of 1932-33 figures will be . 
_ changed, but the total production planned for 1932-33 will most likely 
be obtained, and as a matter of fact could be increased without new 
discoveries. The Baku fields alone, if actively developed, probably 
_ eould produce 150,000,000 bbl. by 1932-33. The presently producing 
_ Grozny fields could not add much to planned production, but the Maikop 
Division of Grozneft can supply much oil near Touapse, the new export 
and refining port on the BlackSea. It is evident that with the develop- 
ment of older areas gaining momentum, the discovery of new major 
fields is absolutely necessary. Such major pools must be opened before 
or during 1933, so as to contribute large production during 1934, other- 
wise the undersupply of petroleum in Russia will reach alarming propor- 
tions by 1935. The undeveloped petroleum reserves are very rich in 
several districts of Russia, according to cumulative geological evidence, 
and therefore more practical and more thorough wildcatting is the 
imperative requirement of the day. 


Baxu—AZNEFT 


The fields of the Apsheron peninsula continue to be the richest area 
in Russia, and, although they have been in active development for 
more than 50 years, they promise not only to surpass all previous produc- 
ing records, but to maintain a very large output for many years to come. 

The total production of the Baku fields from 1880 to July 1, 1929, 
was 2,000,000,000 bbl. from an area equal to 6,170 acres, or an average 
recovery per acre of 324,000 bbl.; this, however, includes two relatively 
new fields, the Surakany and the Bibi-Eibat Bay Extension. The old 

-area of Balakany-Sabunchi-Ramani, now called the Lenin Division, 
covering 3,700 acres, reached an average recovery per acre of 378,000 bbl. ; 
the Bibi-Eibat field proper, covering 615 acres, reached an average 
recovery per acre of 580,000 bbl., while the relatively newer Surakany 
field has so far recovered 248,000 bbl. per acre on 1,370 acres and the 
recently opened Bibi-Eibat Bay Extension only 56,000 bbl. on its 300 
acres. Undrilled acreage held in reserve and considered as proved is 
composed of 1,300 acres in the old area, 250 acres in Bibi-Hibat and 630 
acres in Surakany. The recently opened Kara-Choukour exten- 
sion to Surakany field will probably cover about 2000 acres. ‘Therefore 
it becomes at once apparent how large are the reserves of the older 
Baku fields alone. 

The real conception of the actual reserves, however, requires examina- 
tion of fields individually. In Balakany-Sabunchi-Ramani fields only 
the Balakany subdivision is producing from the full section of the 
“Oil Measures” of the Pliocene, including the lowermost Kirmaku 
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horizons, and even in Balakany large tracts are still undrilled to Kirmaku. 2. 
During last operating year the Sabunchi subdivision gave very large 


gushers from Kirmaku horizons, with development of these sands just 


beginning. In Ramani subdivision Kirmaku horizons are yet untested, oa 
but the presence of very rich reserves in them is unquestionable. In 


Bibi-Eibat field proper even the formations above the Kirmaku are just 


touched ; the deepest sand horizon, the sixteenth, was opened during 1929, 
giving gushers with initial output of 14,000 bbl. per day from 3500 fires 


the Kirmaku horizons in Bibi-Eibat are still undrilled, but in all proba- 
bility should be most prolific. The Bibi-Eibat Bay Extension is in 
preliminary development only, less than half of the ‘‘Oil Measures” 
above the Kirmaku being developed so far. Finally, the Surakany 
field last year saw the active development of the fifth horizon of the 
Middle ‘‘ Oil Measures’? which proved to be exceptionally rich, and but 
two wells sunk to the sixth horizon are producing 10,500 bbl. and 8000 
bbl. per day each at 3000 ft. There is no reason why the Lower “Oil 
Measures,”’ including the Kirmaku, should not prove most prolific in 
Surakany. The Kara-Choukour extension of Surakany is producing 
from its first well 4000 bbl. per day from the Middle ‘Oil Measures,” 
with the extremely rich portion of the “‘Measures”’ still untested. 

In addition to the ‘‘Oil Measures” of Pliocene, the Miocene 
and Oligocene formations have oil in outcrops and, therefore, should show 
at least some kind of saturation in the present fields, though it may 
be necessary to drill to 5000 ft., or even 7000 ft., to reach the Oligocene. 
The present average depth of new completions in Baku probably does 
not exceed 2750 feet. 

Of slight importance at this time in the Baku area are the following 
potential districts; the Puta, initial production up to 700 bbl.; the Sulu- 
Tepe, initial production up to 50 bbl.; the Khan-Kishlak, initial up to 
150 bbl., and the Chail-Dag with an initial production up to 150 bbl. Any 
of these districts may develop large fields upon deeper drilling. 

The total footage drilled in Baku fields in 1928-29 was 1,050,000 ft., 
as compared with 860,000 ft. during the previous operating year. The 
1929-30 program calls for 1,300,000 ft. to be drilled, while the 1932-33 
plan anticipates a total of 1,650,000 ft. During 1928-29 rotary rigs 
made 915,000 ft., the cable rigs 102,000 ft. and the turborotaries 34,000 
ft. Drilling for production totaled 995,000 ft., while wildcatting claimed 
55,000 feet. 

The total production of Baku fields during 1928-29 was 62,100,000 
bbl., an equivalent of 170,000 bbl. per day. Of this amount flowing 
wells contributed’ 28.8 per cent., pumping wells 36.0 per cent. and 
air-gas lift installations 28.9 per cent. At the end of the 1928-29 
operating year the daily average production in Baku was 188,000 bbl. 
from 3567 wells, or an average per day per well of 53 bbl. The 
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ee field produced 38.4 per cent. of the total (67,000 bbl. per day), 


and the Bibi-Hibat field 21.4 per cent. The 1932-33 program calls for 50 
per cent. of the total Baku production to be derived from Surakany field. 

_ The labor situation in Baku remains without notable improvements, 
the number of workers still reaching a total of 45,000 men. The average 
pay per man per month increased to $45.75 ion $41.60 during the 
preceding year. 


_GrozNY—GROZNEFT 


The two Grozny fields, the New and the Old, are both in routine 
development. No new sands were discovered, and the production is to 
be maintained at the present levels by forced development of richest 
horizons, the XIIIth, XVIth and XXIst. The wildcatting in the 
Grozny district did not result in opening major pools, though their 
presence is practically certain. Geophysical methods of reconnaissance 
are being employed and new fields may be expected to be brought in 
during the next five years, when actual subsurface conditions will be 
correlated with the geophysical surveys. A considerable difficulty 
may be encountered in continuing wildcatting because the majority 
of the new fields in Grozny district will be located north of the present 
fields and away from the mountains with the required depth most likely 
in excess of 4000 and 5000 ft., entirely too deep and too expensive wild- 
catting for an organization unaccustomed to deep drilling, and not 
acquainted as yet with the necessarily large proportion of dry holes, 
particularly so in an area entirely unknown structurally (covered by 
recent deposits), even though the best of geological service is available. 

The total footage drilled in Grozny districts amounted to about 
300,000 ft., the 1929-30 plan calling for 400,000 ft. The necessity of 
new discoveries is emphasized by the fact that fully 25 per cent. of the 
total footage during 1929-30 is to be made in wildcat areas. Rotary rigs 
predominate in Grozny. 

During 1928-29, fully 74 per cent. of the total Grozny production 
was recovered from naturally flowing wells, while the next year’s plan 
increases that proportion to 80 per cent. A total of 58 flowing wells 
will be in production during 1929-30, furnishing 28,000,000 bbl., or 
an average in excess of 1300 bbl. per day per well. The balance of 
production is to be obtained from 591 wells, mostly pumpers. The 
total number of producing wells during 1928-29 operating year was 599. 


KuBAN—GROZNEFT 


In Maikop district very large gushers of light oil have been brought 
in from the ‘“‘C” sand horizon. ‘The discovery well (No. 46, parcel 
121, group 433) did 25,800 bbl. of 34° Bé. oil during its first 24 hr. from 
the total depth of 2040 ft. A total of six producers was completed in 
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“GC” horizon furnishing 600,000 bbl. naan kite 

Such relatively small production was due to complete 
and transportation facilities in the field, the wells being op 
periodically. The actual importance of the discovery is not a 
as the initial output would indicate, all sands in Maikop being v very 7 
lenticular and carrying much water. However deeper possibilities « f 

the area are great, but it will take some time before even 4000-ft. test ed 
will be drilled. 


Ewpa—EMBANEFT - ; ai 

Routine development and shallow wildcatting, without any notable 
discoveries, took place during 1928-29. Geophysical instruments were 
being used extensively in locating additional salt domes. 


NorTHERN SAGHALIEN—SAGHALIENNEFT 


Saghalien Island entered the list of producing areas of the world 
during the past year and at this time the future of the oil industry on ; 
the island appears assured. A total of 230,000 bbl. was produced during 
1928-29 from Russian properties, next year’s plan anticipating 860,000 — 
bbl. The Russian Government at the end of the year had 11 producing ~ 
wells and 4 drilling, the producing wells averaging about 100 bbl. 
per day. While only the fourth horizon at 650 ft. was in development 
at that time, with initial production ranging from 70 to 250 bbl. per day, 
a deeper discovery was made at the close of the year, named the fifth 
horizon, the wells having initial production of 550 bbl. per day from 950 
ft. So far, two Japanese and one Russian wells have been completed 
in the deeper pay. Very likely Saghalien Island production will assume __ 
major proportions when wells are carried to greater depths, thus affecting _ 
the whole structure of the Far-Eastern petroleum markets. 
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OuRAL—OURALNEFT 


A very important regional discovery was made not far from Perm, 
west of the Oural Mountains, while drilling for potash. The discovery 
well made some commercial oil from porous dolomitic limestone under- 
lying Permian salt, gypsum and anhydride beds, a geological condition 
similar to the Southwest Texas and Persian fields. An ambitious develop- 
ment program has been launched, because of the accessibility of the new 
area to the Volga River navigation system and its proximity to the rich 
mineral resources of the Oural Mountains. 


Pirz Lines 


The Grozny-Touapse (on the Black Sea) pipe line, completed during 
the last year, will have its capacity increased to 12,000,000 bbl. by adding 
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4e five pumping stations. The new Geen cia 10-in. line is fbging built; 


its completion has been delayed 12 months, full operation Kedeadndy 


_ not starting until 1931. The pipe line from the Caspian Sea to Moscow 
has been authorized and at this time its routing is being planned and 
surveyed. In conjunction with this line the Government Oil Trust plans 


to build a refinery in Moscow with a capacity of 6,000,000 bbl. per year. 


_ Both projects will not be completed until 1932-33 operating year. 


REFINING 


During 1928-29, 77,500,000 bbl. were run to refineries (81.1 per cent. 
of total production), as compared with about 63,000,000 bbl. in the preced- 
ing year. The 1929-30 operating year anticipates a very large increase 
in total runs, the refineries taking 96,000,000 bbl., or 87.2 per cent. of 
the planned production. The increases are falling principally on new 
refineries now being completed in Batum and Touapse, both on the 
Black Sea. 

Gasoline recovery showed some improvement, reaching 7 per cent. 
of total runs of Baku crudes and 16.6 per cent. of Grozny crudes; kerosene 
recoveries were respectively 25 per cent. in Baku and 17 per cent. 
in Grozny. 

Table 2 shows total production of refined products in the Soviet 
Union in 1928-29, as against the planned figures for 1929-30. 


TABLE 2.—Total Production of Refined Products in Russia 


Product 1928-29, Bbl. 1929-30, Bbl. 

ESO MNCAMEE Sten ee! ster tal oct da trracebsiem 10,100,000 14,000,000 

LREROEDIOR 5 5.5. Rand nN ASO eae ORO Oe 18,600,000 23,500,000 

PMSTIGA OL (SCOURS ike st ont arp oy 2 4.60 che, mis Fans's eas 3,050,000 3,550,000 

Fuel and other special heavy oils............ 43,800,000 53,500,000 
MARKETING 


The distribution of petroleum products continued to increase greatly 
in excess of anticipated figures. Total exports increased 29 per cent. 
in 1928-29, as compared with 1927-28, while the total home market 
consumption increased 14.9 per cent. in the same period of time. Per- 
centage increases by products and by markets are shown in Table 3. 

In the interior markets the consumption of kerosene exceeded the 
planned figures very considerably, causing at one time slowing up of 
deliveries as well as lowering of quality; to some extent the export of 
kerosene was also curtailed. This demand has been due primarily to 
the use of tractors, but the general stabilization was an important factor. 
Consumption of gasoline in the country continues at very small figures, 
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cae ateeil of home consumption at figures aise in ah countries | 
of the world, while in reality any improvement in the interior of any 
- consequence at all may very well result in doubling and trebling the © 
i, demand in the course of 1 to 2 years, provided the increased amounts could — 
be put on the market. 
The exports are being continuously pushed in onder to nets 5: farcions mh, 
currency for purchases of machinery and other manufactured goods. 
The export of gasoline is, of course, necessary because the demand at 
home is negligible. According to plans most of the future exportable 
products will be refided in Batum and Touapse refineries located on the 
Black Sea. : ) 


TaBLE 3.—Increases in Deliveries of Refined Products im 1928-29, as 
: against 1927-28 


Products ee pekees Exports, Per Cent. 
1 01) FP cine Ra tr i a nea te nk of Pra 10.9 36.4 
Kerosener hands wens choi ye eee on ae eee Soe 8.0 
Gasolime( (242 (Ri EEE, ee ee 35.9 32.0 
Lubricating Oilgs: Ba! she caren Ge ie stees 17.8 14.8 
Totals acces crc ata aa nen eee 14.9 29.0 


OuTLOOK OF THE RuSSIAN PETROLEUM INDUSTRY 


The brief survey of the present position of the oil industry in Russia 
indicates that the lack of proved reserves is alarming even at this time. 
This is particularly true if one considers the length of time necessary in 
Russia to develop anew field. While the present pools will supply sufficient 
production for the next 2 to 3 years, a major industry, like petroleum, 
should have at all times open reserves of raw material for at least 5 to 
10 years, otherwise the dependent industries would not be justified in 
spending capital on machinery using petroleum products, thus retarding 
the growth of consumption, and in the end affecting the development of 
the country. Therefore the discovery of new major pools in Russia is 
at this time of primary importance. 


DISCUSSION 


D. C. Barton,* Houston, Texas.—I would like to suggest the interesting poten- 
tialities of salt-dome production at the head of the Caspian Sea. Salt domes are 
known in that vicinity—the Dossor dome produces over 1,000,000 bbl. per year—and 
there is a vast coastal plain-there about which little is known geologically. The 
Soviet Government has done enough geophysical work to show that some of the domes 
are very extensive. 


* Consulting Geologist and Geophysicist. 
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eo ‘B.B.. Zavorco.—The reserves in Russia are tremendous, but it is difficult for an 
f at organization not accustomed to drilling deep holes to be persuaded to do so. It will 
az be necessary to drill 4000 and 5000-ft. holes, and, at the very best, only one out of 10 to 


20 wildcats will be productive, because the regional subsurface is, as yet, practically 
unknown. -At present the management wants every wildcat to be an oil well, and if 
the wildcats are not productive, reasons for the absence of commercial production 
must be stated in detail. It is considered that geologists are wasting the money in 
drilling dry holes. 


HL. J. Wasson,* New York, N. Y.—Is there any possibility of getting a comparison 
of cost data? 


B. B. Zavotco.—The actual cost of the oil is surprisingly high, because of the 
present inefficiency of methods and high labor costs, due to small productivity per 
labor unit. 

In the United States a production of 250,000 bbl. per day certainly could be taken 
care of by a maximum of 10,000 men. In Baku and Grozny alone, 60,000 men were 
directly employed in the oil industry, getting an average wage of 50 rubles per month, 
a ruble, for all purposes, being equal to a dollar (or even to two dollars) in the Russian 
oil fields, so if you consider the productivity of labor per unit of money it will be very 
considerably higher in the United States than it is in Russia. And another thing 
is that in this country we can consider any industry as an individual factor, the oil 
industry not being obliged to take care of any other industry. In Russiathe oil 
industry is the only industry that has much exportable products readily available, so 
it has to support every other industry in the country that cannot pay for itself 
(speaking in terms of foreign currency, of course), and there are not a few of them. 
In other words, the oil industry covers the export and import deficit balances of 
other industries. 


H. J. Wasson,—Have we anything to fear from an influx of oil from Russia? 


B. B. Zavorco.—The present plans call for 250,000,000 bbl. to be produced during 
1933. . The home consumption is primarily kerosene for tractors and fuel oil for general 
industrial use. The consumption of gasoline in Russia per year is equivalent to a little 
less than one day’s requirement in the United States. New tractors are the only thing 
that will use gasoline in large quantities. The peasants often use cheaper vegetable 
oils instead of kerosene for lighting. The question of future consumption depends 
entirely on the policies the government will adopt. Ifthe present plans for communiz- 
ing the peasants meet with considerable success, as some people think they will, 
consumption will increase tremendously. If not, the rate of increase will be 
very slow. Even if the 1933 estimates of 250,000,000 bbl. of total production 
are reached, the amount of gasoline will probably reach one-quarter of that figure. 
By that time Russia will have-a fair gasoline consumption of its own, but, even so, at 
least 50,000,000 bbl. of gasoline could be exported from Russia in 1933, if the indi- 
cated production is achieved. As much or more fuel oil also will be exported. The 
danger lies not in the amount that the Soviets can export, but in their ability to under- 
sell all competitors, due to their form of government. Thus a minor percentage of 
petroleum products can entirely demoralize the European markets. However, such 
demoralization would harm the Soviets as much as anyone else, so according to present 
indications, the Soviets will cooperate in maintaining the price. 


E. R. Lituzy,+ New York, N. Y.—Is not that proof that the cost of production is 
low—that they have profit to give to other industries? 


*Consulting Petroleum Geologist. 
+ Associate Professor of Geology, New York University. 


say, 50 aie a eS a on Fie Soviet Coie baton 
$25, while in Europe it is possibly $15, or even less. That is where 
ment gains. After all, the production cost in a socialistic government 
figure. The selling price of various exportable goods is a net income pri 
currency to the Soviet Government, so that even at 1 c. per gal. sold on _ 
markets the Soviet Government would be making exactly 1c. profit. Iti 
advantage to obtain the maximum possible price; hence the selling agreem: 
the British and American marketing groups. If the Soviet eee suce 


become imperative fot ace to ea peahibidive tariff on peat see 
Russia to protect their home industries from this peculiar situation. 


F. O. Martin, * Los Angeles, Calif. (written discussion) .—From observations mad e- 
during a recent visit to some of the Russian oil fields and from studying economic — 
conditions in European Russia and in Sibera, I fully concur with the author that t 
discovery of new major pools in Russia is of primary importance. According tothe 
plans made by the Soviet Government for agricultural development on a large scale re 
and for more industrial development, it is evident that Russia itself will consume _ 
more petroleum products, while at the same time it will need more money to finance — 
these projects and the money again must come from increased exports of petro- 
leum products. = 

It is the consensus of all petroleum geologists, of whom I have heard and who have 
been in the Caucasus region, that many more oil fields may yet be discovered there. 
All it needs is more detailed geological work. The same may be said of the Ural 
Mountains and of those mountain ranges north of Afghanistan. As far as Siberia is 
concerned it may still be called a-closed book. Oil seepages have been reported from 4 
many places, but only in Kamtschtka, as far as I know, has detailed geological work 
referring to oil deposits been done. If present Government conditions continue such 
geological work will be done on a small scale, because it appears to me that the Govern- 
ment pays more attention to the already insured production of existing fields. - 


* Geologist, Union Oil Co. of California. 
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A ~ Mexican Oil Fields during 1929 


By Vatentin R, Garrias* anp C. O. Isaxson,{ New York, N. Y. 


(New York Meeting, February, 1930) 


Tue production of oil in Mexico during 1929 was approximately 


45,000,000 bbl., or 5,000,000 bbl. less than in 1928. The production 


of the fields near Tampico showed a decline of overj10,000,000 bbl. for 
both the light and heavy crudes, which was partly offset by an increase 
of over 5,000,000 bbl. in the production of the fields in the Isthmus 
of Tehuantepec. 

During 1929 the retrenchment policy followed by practically all 
the companies was continued and no material improvement should be 
expected until the unsatisfactory conditions that brought about this 
situation are remedied. A new administration has just assumed control 
in Mexico; it should remain in power for 6 years, and the progress of the 
oil industry during that time will depend primarily on the policy pursued 


_ by the new government with respect to oil development. 


DEVELOPMENT 


During 1929, there were drilled 214 wells as compared with 371 in 
1928 and 583 in 1927. The percentage of producers in 1929 was 47.2 
as against 34 per cent. in 1928. The new wells did not show water as 
quickly as in 1928, particularly in the Cacalilao field, where the greatest 
number of producers was brought in, their average initial daily produc- 
tion being 380 bbl. The flush daily production per well in the Southern 
fields was 1730 bbl., while the wells in the Isthmus of Tehuantepec came 
in with an average of 770 bbl. Development is summarized in Table 1. 

In the Southern fields 63 wells were drilled in 1929, of which 23 were 
producers, the best being drilled in Paso Real. This development tends 
to show that the southern extension of Dos Bocas-Alamo fault from 
Alamo to San Isidro terminates at San Isidro. 

The two wildcat wells completed in 1929, one in Magiscatzin and 
the other in Xicotencatl, were failures, and at the end of the year there 
were eight wildcat wells drilling and material was being hauled for 


two more. 
* Manager Foreign, Oil Department, Henry L. Doherty & Co.’ 


+ Agent, Foreign, Department Henry C. Doherty & Co. 
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PRODUCTION 


j Table 2 shows production in 1929, as compared with that of the previ- 1 

. ous year. The production in the Soha fields during 1929 declined — 
steadily in all pools from 57,300 bbl. daily in January to 48,300 in Decem- ; a 
ber, the daily average per well in January being 114 and in December — 
82 barrels. 


TABLE 2.—Petroleum Production in Mexico, 1928 and 1929 


Pina ge | a nen ae 
Northern (12° Bélyincs..5 het pare 25,404,000 | 20,200,000 5,204,000 
Southern (21?) Bél) 2, 21,973,000 | 16,500,000 5,473,000 
Isthmus of Tehuantepee (32° : 
BBE) iin’. ous «basin peak ree ree vase tke 2,773,000 | 8,300,000 | 5,527,000 ® 
POG. 3 iia at are atom aero 50,150,000 | 45,000,000 5,150,000 


Production in the southern fields increased 45,000 bbl. daily in January 
to 49,000 daily in December, due to the bringing in of some good wells 
at Paso Real on the Alamo-San Isidro extension of the fault. 

The most important development was recorded in the Tehuantepec 
fields, production having increased from approximately 7000 bbl. daily 
at the beginning of the year to about 35,000 bbl. in December. From 
present indications this production will be maintained easily and prob- 
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Fic. 1.—TEHUANTEPEC FIELDS. 


Orn IN STORAGE 


Oil stocks in Mexico increased about 1,500,000 bbl. during 1929, 
mostly in heavy crude. Table 3 shows the total amount of oil in storage 
on Jan. 1, 1930, as compared with Jan. 1, 1929. 


TaBLE 3.—Mezican Oil Stocks, Jan. 1, 1929 and 1930 
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EXPorRtTs 


Total exports for 1929 were approximately 28,000,000 bbl., a decrease 
of 8,000,000 bbl. from 1928. Of this decrease 2,000,000 bbl. was in 
heavy crude, 3,000,000 bbl. in fuel oil, 1,000,000 bbl. in light oil and 
the rest in bunkers and distillates. Exports to the United States 
amounted to 19,000,000 bbl. Only six marine terminals were in opera- 
tion during the year. Exports in 1929 are shown in Table 4. 


Jan. 1, 1929, Bbl. Jan. 1, 1930, Bbl. 
q Heavyacrude: (L2s Be). oso dtd s oe 2 6,500,000 7,550,000 
F. Light crude (21° So tgrerc atch Ranecns aioe yee = 1,700,000 1,850,000 
ee Monped (he. BG). i. ee veers erin eee 5,700,000 5,850,000 
7 Hefined produths,. Ar). . Whine tk. <9). seek 900,000 1,000,000 
NRE Lncey = cs Deeek SA ee Se rey eee os 14,800,000 16,250,000 
Ce eee es ee aera 

; 

! 
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TaBLe 4.—Ezports of Mexican Petroleum by Grades, 1929 


BARRELS 

Heavy crude: ((257B6l) 00% spt eet ees tek oe a eae ee .. 15,743,000 
Fuelioil (a 757860). teak ee eee ee t mit: ae 3,762,000 
Light. crude (21° Bés) ono arorry: ie ake foie see ae eee 
Mis tillafesthasee. roel Geeks ecole Oceana ae cantare neem tem ene 5,427,000 
Asphalt oooh > tetas Ce Ae ee Oe ae 1,706,000 
Bunkers... cet tcc ce 3 22 ne aes ne oe ees 1,106,000 

Total... Bk gerade nace ge CeCe ee: oo eee 27,744,000 


@ Includes 1,588,000 bbl. of gas oil. 


TaBLE 5.—Mezican Oil Tax Rates, September, 1928 and 1929 


Taxes, Dollars per Barrel 
Grade ; 
September, 1928 September, 1929 
Heavyserude (12° Bés) 2824... cs0 «eee aioe $0.14 $0.14 
Daeiiwernide:(21 BG): ace sew ae et ee 0.22 0.22 
STip ed Gray UNS Kos een ete CE yO ap Maas sa 0.19 0.19 
Gasol cat. eos see Se eee Worst 0.28 0.28 
Refined gasoline:.). 744.0. se «moe mast: eer 0.27 0.25 
(Grid ey eaSo linn ¢ atyetrareee epee cre eee 0.54 0.51 
Refined kerosene... ook a teens acre 0.16 0.15 
Crudé:kerosette?:.:...$enusee 5 oars aie oe 0.30 0.30 
Bubricants:, s.4%cuiscet lee one eee ee 0.29 0.29 


TaBLE 6.—Tazes Paid to Mexican Government on Oil Exported 


YEAR TAXES YEAR TaxEs 

I PAO Peon aes oa oe hee $ 22,740,000 19260. wc ees oe ed OTe 000 
LOD TINA. Dee Aree 31,562,000 LOZ Rie 17,411,000 
1 a ie ga Bey mee 42,990,000 BOP foe egrarriere es a 9,512,000 
UG 2S ora ae 30,268,000 1O28 5 wcities seer 5,633,000 
O26, Sey Mientras 27,311,000 1929 (estimated). . 4,311,000 

Toteks2385-dUs sae $212,810,000 

TAXES 


A new tax law went into effect in January, 1930. Based on the 
present prices of bunker oil, this results in a nominal reduction in taxes 
while the new tariff law, which likewise went into effect in January, 1930, 
places duties on oil-well and refinery material ranging from % to 2 ¢. per 
pound. These new import taxes in general are considerably higher than 
the former consular invoice tax of 5 per cent. net ad valorem, which has 
been abolished. 

Table 5 gives the taxes on oil exported, while Table 6 gives the total 
yearly export taxes paid to the Mexican Government since 1920. High 
as the present taxes are in comparison with the market price of the crudes 
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- Petroleum Toner in eDatere East indie 
aa ~ (Western Borneo) in 1929 


By J. Tu. Ers,* THe Hacun, Neraentanps- gt ee oy 


19 
- Ke 


(New York Meeting, February, 1930 re! on 


Tue total elas oil Brodtiotita of these islands, hich 


amounted to nearly 5,000,000 metric tons—about 36, 500, 000 bb 
again increased in 1929. The figures for 1929 are as follows: | va 


Dutch Borneo (including Tarakan)............ arena fs wu za 
Sarawalksr ts cc, Sa ele coucaracaie hte rmer Sie ead cae Sen Sweet ee ; 


4 { 1 metric ton = 7.36 bbl. on the average. 


This production, as far as the Dutch Islands are concerned, is owned Ae 
partly by the Bataafsche Petroleum Maatschappij, the producing sub- — 
sidiary of the Royal Dutch Petroleum Concern, and partly by the Kolon- — 
iale Petroleum Maatschappij (Standard Oil Co. of N. J.), while that of “te 
the British Protectorate Sarawak belongs to the Anglo-Saxon Petroleum 
Co., Ltd., of London. bi, 

The oe in 1929 is due partly to more intensive drilling; the — 
rotary system, which enables drilling to be done more quickly and to ~ 
greater depths than was possible with the percussion system, has come 
into more general use. Further, considerable extensions have been 
made to some of the existing fields and several new pools have been _ 
discovered, which contributed in no small degree to the increase 
in production. 

Of particular interest is the fact that the ‘“Niam” (Nederlandsche 
Indische Aardolie Maatschappij), in which the Dutch Government has 
a large share and which company in 1928 was producing from only two 
fields in South Sumatra, has discovered a pool in North Sumatra and, — 
moreover, has struck oil on the island of Poeloe Boenjoe near Tarakan 
(Eastern Borneo). 

The deepest well still drilling is in one of the fields of the ‘“‘Niam” 
and has reached a depth of 2269 meters (7445 feet). 

Notwithstanding the tropical climate and the dense jungle in which 
most of the fields are situated, the most modern scientific methods are 
applied in exploration, in drilling, producing and refining. 

* Director, Royal Dutch Petroleum Co. 
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Petroleum Production in Rumania in 1929 


(Special Correspondence) 


(New York Meeting, February, 1930) 


On the map of Europe the shield-shaped area included in the bound- 
aries of Rumania appears too small to constitute a very important factor 
in the world’s oil production. The country has a total area of 122,000 

square miles of territory, about one-fifth of 1 per cent. of the world’s 
surface, from which about 214 per cent. of the world’s oil was produced 
in 1929. This relatively small area also constitutes one of the known 
_pillion-barrel reserves of the world. 

Oil has been found in various localities in the foothills of the Car- 
pathian Mountains, extending more than 100 miles in length at their 
base. It is rather unusual that, while the extent of prospective terri- 
tory seems to be large, the area of the commercially productive pools is 
comparatively small. 

Oil accumulation in Rumania is closely associated with salt stocks. 
Shows of oil are encountered from the Pliocene down to the Cretaceous. 
Most of the production, however, comes from the Pliocene, the chief 
producing sands of which are the Dacic and the Meotic, although some 
oil is produced from the Levantic and the Pontic. The Meotic as a 
source of oil was known for many years, but the intensive output from 
this sand series is a comparatively recent development and accounts 
in a big measure for the steady increase in Rumanian production. 

In the early part of the summer of 1929 the Astra-~Romano (Royal 
Dutch) completed a well at Moreni in what is thought by some to be a 
fourth Meotic sand (a new sand series) at a depth of 5200 ft. with an 
initial production of 2000 bbl. a day of 41° gravity oil. The develop- 
ment of this new horizon has been somewhat retarded by the disastrous 
fire which occurred at Romano-Americana’s well No. 160 in Moreni, but 
its discovery adds materially to the future life of the Moreni area, one of 
the country’s oldest fields. 

Rumania’s production for 1929 is estimated at 35,556,000 bbl., a 
daily average of 97,400 bbl. This compares with the total of 31,542,000 
bbl. for the previous year, a daily average of 86,180 bbl., or an increase of 
12.73 per cent. Rumania now occupies seventh position in the world’s 
oil picture, it having been replaced as the sixth in importance by the 
Dutch East Indies in 1929. Table 1 shows a comparison of production 


. by districts and fields. 
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* One month estimated. “i 
The increase in production is practically all accounted for in -the 
District of Prahova (see Table 1), which produces over 70 per cent. of all 
the Rumanian crude. Ceptura, which is a comparatively new field, hav- a 
ing passed the million-barrel mark in 1928, had considerable new pro- 
spective territory added during 1929, and there are good prospects here 
for deeper horizons in the Meotic. The Piscuri field, a new one in the © 
producing list in 1929, is an eastern extension of the Moreni area. The 
production from this field is coming from the Drader sands, and prospects 
for deeper production in the Meotic are excellent. 

The only other new discovery of importance was at Boldesti, also 
in the District of Prahova. Previous to the completion of Astra- 
Romana’s No. 7 in October, 1929, the Boldesti field produced only gas 
from the Dacic sands. The Astra’s well was completed at 5520 ft. in the 
Meotic good for 882 bbl. a day. 

A significant development in Rumania during 1929 was the chanee 
in the 1924 Mining Law, which provided that Government oil lands 
would be granted for development only to nationalized companies. 
The new Mining Law passed in March allows foreign capital to com- 
pete for state lands. However, there are still many objectionable 
features to the new law which, coupled with the numerous taxes imposed, 
high royalties and increased cost to drill and produce from deeper sands, 
are discouraging to the prospective investor. 
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AL Review of eulcmnbate Operations i in 1929 


By Micuaru O’SHAUGHNEsSY,* New York, N. Y. 


- (New York Meeting, February, 1930) 


THE outstanding features of the Colombian situation for the year 


% 1929 were legal and political. The passage of Law 84 and the promulga- 
tion of the Regulatory Decree 150 were recounted in the review for 1928, 
as was also the Presidential proclamation suspending this law 


and its accompanying decree until decision could be reached in the 
suits filed against them before the Supreme Court and the Council 


of State. 


- Early this year the Minister of Industries, José Antonio Montalvo, 
announced the appointment of a commission of foreign experts to aid in 
drafting a new petroleum law. He requested all of the foreign experts 
employed not to consult with the oil company representatives in Bogota, 
and,these experts were therefore shut off from receiving any suggestions 
from those who had actually operated in the country and knew the con- 
ditions under which operations would take place. It was to be expected 


that the provisions of a law suggested under such circumstances would 


not meet operating conditions satisfactorily. The specific objections 
are stated in O’Shaughnessy’s South American Oil Reports (April, 1929). 

An especially qualified commentator observes that one of the curious 
provisions of the proposed law was the high royalty on gas—Sce. per 
1000 cu. ft. of gas produced. There was also a provision requiring 20 
per cent. of the stock of the company operating in Colombia to be 
offered for sale to Colombians. The bill failed to pass Congress in the 
closing hours of the session. The Supreme Court, in the meantime, 
handed down its decision on Law 84 of the previous year and Regulation 
150 covering the enforcement of that law. Contrary to expectation, 
the majority opinion of the Court practically affirmed the constitution- 
ality of both the law and the regulatory decree, with the exception of 
Article 20 and parts of Article 21 of the decree which referred specifi- 
cally to the registration of private properties. 

At the time the suit was filed against Law 84 and Decree 150 the 
operation of these measures was suspended by the Executive. Law 84 
and its Regulatory Decree 150 still remain suspended as the Council 
of State has not yet brought in a decision upon the questions raised in 
the suits instituted by the various companies against the law and decree, 
and at the moment of this writing it appears unlikely that such a decision 
will be reached by that body. 


* President and Editor, South American Oil Reports, Inc. 
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As a result of this situation and the Pr Court . 
companies have either cut down their staffs or have withdra 4 
forces from the country altogether. Lobitos Oilfields withdre 
1928, after the passage of Law 84. South American Gulf Oil ( 
stopped field operations in Colombia, leaving only watchmen on 
properties it has under lease. * 
4 The only company operating and producing in Colombia at ate it, 
; obtained its concession over 25 years ago and has a direct contract v 
; 


the Colombian Government for the development of this concessi 
Not a barrel of petroleum has been produced and exported from Colomb: 
under the petroleum laws which have been passed by that country since 
1915. This is due partly to the fact that, despite the prospecting that 
has taken place during these last 15 years, no commercial fields of i impor- 
; tance have been developed outside of the DeMares Concession, and 7 
. partly to the paralysis of operation by harassing legislation: 
The conviction is growing upon American oil companies that posahiam a 
the great oil riches of Colombia are more or less mythical and that, — 
after all, but a small portion of that country will ultimately produce — 
oil in Pe PRR quantities. Whether Colombia will permit the develop- — 
ment of its resources I cannot predict, but this may be stated categor- — we 
ically: Either Colombia will pass a reasonable petroleum law which 
will permit substantial oil companies to enter the country and test its 

resources or the petroleum will be left in the ground. 


Supsort Ricuts 
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It is to be noted that in Colombia, in contrast to Venezuela, title 
to the soil acquired prior to Oct. 28, 1873, carried the rights to the sub- 
soil, and consequently to any petroleum found therein. It is to be noted 
also that the Spanish Ordinance of Mines which existed in Peru, Mexico 
and Cuba, never applied to Colombia. This history of the right to the 
subsoil until 1873 is clear. After 1873, the Colombian Government — 
reserved to itself, among other substances, petroleum, when granting — 
title to public lands. The tendency of modern legislation in Colombia 
has been to confirm the owner of the soil when he acquired title prior 
to 1873, in his rights to the subsoil, but at the same time to levy upon 
his property special taxes which may amount to taking that right away. 
The amount of the special tax has been nearly as great as the royalty 
imposed upon production from public lands. Its constitutionality has 
never been tested in the Colombian Courts.‘ Such legislation adversely 


1 See O’Shaugnessy’s South American Oil Reports, September, 1929, for a history of 
this legislation. 
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he title of every landholder in Colombia, be he native or foreigner. 
; also to be noted that the Barco Concession has not been returned 
South American Gulf Oil Co., and litigation regarding this Con- 
sion is still in progress in the Colombian courts. 

_ The operations of the companies in Colombia during 1929 may be 
summarized as follows: 


South American Gur Ort Co. 


On the Colombia Syndicate property, the Ordofiez well No. 2 
reached a depth of 5953 ft., with only slight showings of oil and gas. 
The well was drilled mainly in mottled clays. On the Rosario Diaz 
leases, Monas No. 1-A was completed to a depth of 2101 ft. and pro- 
duced a negligible amount of oil. Monas No. 4 was completed at 
5434 ft. and abandoned. Monas No. 6, which was drilled to a depth 
of 2405 ft., is now pumping on the beam; this well is producing approxi- 
mately 50 bbls. per day. Monas No. 7 was drilled to 3080 ft. and appar- 
ently is a dry hole. The operations on the Rosario Diaz property are 
a on a faulted anticline on which there are large seepages. 
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SranpARD Ort Co. OF CALIFORNIA 


~The Standard Oil Co. of California continued its operations on the 
coast. Galapa No. 2 commenced.drilling and reached a depth of 2540 
ft. Repelon No. 2 reached a depth of 3129 ft.; this well is testing a gas 
showing preparatory to abandonment. Galapa No. 1 and Repelon 
-_-No. 1 are small gas wells and were drilled in 1928. 

The gas from these wells was used as fuel for the No. 2 wells. Repelon 
No. 1 makes 500,000 cu. ft. of gas daily and Galapa No. 1 a smaller 


amount. 
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TropicaL Orn Co. 


A. M. McQueen writes as follows: 
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During 1929, this company produced 20,384,548 bbls. of crude oil. Approxi- 
mately 323,036 bbls. of this production was petroleum condensate. The daily aver- 
age delivery of crude for pipe line runs to the Coast was 51,118 barrels. 

The total volume of crude run at the Barranca-Bermeja refinery during the first 10 
months of the year was 1,442,528 bbls., with refined products as follows: Gasoline, 
287,821 bbls.; kerosene, 55,172 bbls. ; gas oil, 18,300 bbls. ; lubricating oil, 5,911 bbls. ; fuel 
oil, 1,066,189 bbls. The total number of producing wells completed during the year 
was 122, with an average initial production of 768 barrels. 

The most interesting development on the Concession during the year was the 
successful completion of No. 2 well on the Mugrosa structure, about 19 km. south 
of the south end of the Infantas anticline. This well was completed with an initial 
production of 1300 bbls. per day of 41.4° gravity oil, at a depth of 2249 feet. 
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ANDIAN Pipe Line Co. 


The Andian Pipe Line Co., as will be seen from Mr. McQueen’s 
letter, operated throughout the year at about 1100 bbls. over the rated 
capacity. At the close of the year this company sold to the Colombian 
Government its dock rights and dock at Cartagena. 

The only other companies that are active in Colombia are the Texas 
Petroleum Co. and the Sinclair Exploration Co., both of which have 
acquired options on properties in Colombia but will not start operations 
until more favorable legislation is enacted. 
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Petroleum Production in Argentina 


By Jost M. Sosrat,* Buenos Arrius, ARGENTINA 


(New York Meeting, February, 1930) 


APPROXIMATE figures for petroleum production in Argentina for 1929 
show an increase of only about 300,000 bbl. over production for 1928. 
This increase is due to greater yield in the Plaza Huincul and in the Salta 
regions. Table 1 shows the distribution of production in the various 
fields of the whole country, using estimates for the later months of 
the year. 

TaBLE 1.—Argentine Oil Production in 1929 


Number of . Total by 
Wells in aes) tion, District, 
Production } bl. 


Comodoro Rivadavia 


PISCAWOXPlONAUIOM. «toes me es se ts 808 5,082,320 
Mri aleCOMPAMles, s..k i. sare sot ass 400 3,082,100 8,164,420 


BSGH eR DlOMAMOM emp sss opie delet 65 389,980 ; 
Pry ate, COMPAMICS 5 5 0 a 552 oa elye oes 40 629,000 1,018,980 


Salta Region 


Biscallexplottadorie: M5 iso tp cle econ te ie 5 9,435 
Private.companies::.o.). vies su stss li 14 188,700 198,135 
Mendoza (Sosneado) 
157 157 
Total for 1929 (for the whole country)...............5555. 9,381,692 
Total for 1928 (for the whole country)............-....... 9,070,242 


The outlook for production remains about the same as in 1928. 
It is believed that in northern Argentina there are regions that contain 
oil, but they are yet unexplored. Notable traces of oil at depths between 
1280 and 1390 m. have appeared in a 1500-m. boring in Comodoro 
Rivadavia, but their importance is unknown. 


* Director, Direccién General de Minas Geologia e Hidrologia. 
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~ No. 4in Turner Valley, Alberta, towards the end of 1924, prior to which 


Petroleum Development in Cingaa during 192 29° 


By T. G. Mapewrck* ann Witu1am CALDER, * Orrawa, Ont. 


(New York Meeting, February, 1930) 


taining the steady growth peel by the bringing 7 BE f Ro 


decline over a number of years had been experienced. The growth 
been confined to the Province of Alberta, the older production i in } 
Brunswick and Ontario showing declines, although in the latter 
considerable activity in the search for new gas structures was maintaine d 
and during the last six months two wells were brought in, one at Howar ds 
in the Trenton at a depth of 1250 ft., giving 5,500,000 cu. ft., and the other rs 
at Tilbury ‘n the Guelph or Salina at 750 ft. giving 9,000,000 cubic feet a 
As has been the case during the past five years, interest in the search — 
for structure and in the following up and development of areas already _ 
recognized has centered in Alberta and adjacent portions of Saskatchewan. _ 
This was due in the first instance to the striking of wet gas in the Palaeo- ; 
zoic limestone (Madison) of Turner Valley, some 30 miles south of — 
Calgary, in Royalite No. 4in October, 1924. The bringing in of other © 
wells of similar importance late in 1928 and in the spring of 1929 which 
extended the productive area 3 miles southwards led to greatly enhanced — 
drilling activity throughout the structure and adjacent areas and in other 
parts of Alberta. As a result good strikes of heavy crude oil have been — 
recorded during the year at Ribstone, Oyen, Skiff and Coutts, in each 
case at moderate depths and in sufficient quanitity to justify prolonged 
testing. The prospects of a satisfactory production of this grade of oil — 
are very encouraging. 
Actual oil production in the west is still confined to the Province of — 
Alberta and for all grades of oil totaled 997,359 bbl., which compared with — 
previous years shows a gratifying increase. To this increase the 
naphtha obtained from the wet gas of Turner Valley has proved the 
principal contributant, heavy crude also showing an improvement, while 
the light crude, the product of the Cretaceo-Jurassic sands overlying the 
Paleozoic of Turner Valley, remains unchanged. This is largely owing 
to operators casing off these sands in their endeavor to reach the lime- 
stone, but there is evidence that in future more attention will be paid to 


! 
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* Petroleum Engineer, Department of the Interior, Canada. 
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Year Naphtha, Bbl. Light Crude, Bbl. | Heavy Crude, Bbl. Total, Bbl. 
1925 165,717 2,926 Nil 168,643 

1926 211,008 2,609 f 5,981 219,598 
1927 290,270 38,808 3,055 332,133 
1928 410,623 70,734 - 8,174 489,531 
1929 908,936 73,060 15,353 997,359 


F; - Alberta production by fields for 1929 is as follows, figures subject 
toa possible slight correction when complete returns for December are 


- obtained: Naphtha, all from limestone in Turner Valley with exception 


of that from Merland well brought in towards end of year in Fernie 


BS eatnace), 908,936 bbl.; light crude, from Turner Valley, 72,171 bbl.; 


pret crude, from Coutts field; a new structure on International border, 
- 889 bbl.; heavy crude from Wainwright, 11,001 bbl.; heavy crude from 


om Ribstone, 2,930 bbl.; heavy crude from Skiff, 1,432 ‘Bole total 997,359 


barrels. 

The naphtha production is accompanied by a large volume of gas, for 
_ the bulk of which no market has yet been found. Joint investigation by 
~ Dominion and Provincial authorities has been carried out during the past 
year with a view to avoiding the waste of this gas which has been on a 
large scale. The market for gas grows steadily and Turner Valley gas, 
which has to be scrubbed before use, has enabled the older gas fields of 
Bow Island and Foremost to be conserved but the load is subject to great 
seasonal fluctuations. The total consumption of gas from all Alberta 
fields for the nine months ending Sept. 30 was 15,145,576,000 cu. ft. 
An important strike of gas was made at Kinsella to the east of the Viking 
field, which supplies the City of Edmonton, and to which it may be 
egarded as a reserve for future use. 

‘Table 2 shows the production of oil for the whole of Canada for the 


past five years, the figures for New Brunswick and Ontario being those 


of the Dominion Bureau of Statistics. 


TaBLE 2.—Production by Provinces, 1925-1929 
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Year New Brunswick, | Ontario, Bbl. | Alberta, Bbl. Total, Bbl. 
1925 5,376 143,134 168,643 317,153 
1926 10,544 137,850 219,598 367,992 
1927 18,244 139,600 332,133 489,977 
1928 8,043 134,094 489,531 631,668 
1929 7,800 125,000 997,359 1,130,159 


By GILBERT P. Moors, * New York, N. a 
alae York Meeting, February, 1930) te 


- Boxivia still remains among the oil countries at have pI ae 
acreage but no production which is being marketed. No ste 
been taken daring the past year to wires facilities for transp : Bs 


The only active ahaevtie to ota is tie Standard Oil oxi of B | 
subsidiary of the Standard Oil Co. of New Jersey. The en 
duction from completed wells is practically unchanged from the 19: 


z figure of 6000 bbl. daily. 
a As far as is known, there has been only one completion during 
‘2 year 1929. This is the Machareti well, which is about 50 km. north. 
. Villa Montes along the road to Charagua. The well is reported at ab ; 
- 250 bbl. daily initial production. The gravity of the oil is not known 


4 but is presumed to be about 40° Bé., the average for the region. 
The Standard Oil Co. of Bolivia has five strings working on various | 
parts of its concession. No new locations have been made definitely. 


* 
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Company ACTIVITIES 


There was no change in the situation of American holdings in Bolivia 
during 1929. The oil rights of an English company, acquired under a 
special colonization contract with the Bolivian Government, are being 
negotiated in New York and may mean the entrance of another of the 
large American oil companies in Bolivia. 3 

The Sucre Syndicate sold its holdings to the Standard Oil Co. of Be 
Bolivia during the past year. 

A local company called the “Aguila Doble” was formed during 1929 K 
to drill a well or wells near the town of Cochabamba on structures mapped — 
by a local geologist. It is reported that the Government is buying — 
about one-fourth of the capital stock of this company for 500,000 Bolivianos 
(about $180,000). The company has not yet raised sufficient funds oe 
buy drilling equipment so that no operations have been started. 

According to the statements published in La Paz, this company has — 
acreage on seven anticlinal structures near Cochabamba. This area lies _ 
about 8500 ft. above sea level on the eastern flank of the Andes Moun- 


> 
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* Consulting Geologist. 
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vonian age. 
ly oil indications in this area are some veins of asphaltic material 
gala called ie von They occur in combination with 
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_ PETROLEUM LEGISLATION 


‘The proposed new petroleum law, reported on at the last February o 
a ae of the Institute, was presented to Congress during the past year r 
and was referred to the Committee on Mining and Petroleum of the ; 
ae of Deputies. An adverse report was presented but the Committee 
recommended certain changes in the existing law. These were in the 
a form of lower taxes, lower guarantees, longer exploration periods, reduc- 
tion of royalty from 11 to 8 per cent., etc. In May, 1929, a decree by 
the President suspended all deposits of guarantee on oil concessions. 
_ This is operative until approved or suspended by legislative action. 
_ This was done to aid the formation of the local company for drilling 
operations near Cochabamba. 
= An extraordinary session of the Legislature is being called in January 
a * or February of 1930 and the petroleum law may be considered. 
o , TRANSPORT TO OIL FIELDS 
; New developments in transport which will affect the oil regions of 
-___ Bolivia are the resumption of negotiations with Argentine for extension 
of the railroad line from Yacuiba to Santa Cruz, completion in 1930 of 
the railway from Cochabamba to Aiquile, and the proposed canalization 
¥ of the Bermejo River in northern Argentine. 


- Bo.LtiviAN PETROLEUM IMPORTS 


af _ No figures are at hand for the imports of petroleum and its products 
into Bolivia during 1929, but it is assumed that they have remained at 
about the 1928 level of $1,300,000. The tin-mining industry has been 
___very slow this year and will have had its effect on the fuel oil and gasoline 
Ey, situation. The total number of automobiles registered in Bolivia is 
given as 2335 by the Bureau of Foreign and Domestic Commerce. 
Gasoline retails at about 61c. U. S. gold per gal. and fuel oil at $8 
Z per barrel. 
According to published reports there has been a great increase 
e in the number of petitions for concessions on oil lands in Bolivia, due to 
g activity of local operators. It was also stated that the Standard Oil Co. 
; of Bolivia had completed to date 21 wells. 
4 None of Bolivia’s potential production will reach any market 


during 1930. 


Chapter XV. Petroleum Refining 


Developments in Refinery Technology during 1929 


By A. D. Davin,* New York, N. Y. 


New York Meeting, February, 1930) 


Tue object of this paper is to reduce to the simplest possible discussion 
the recent developments in refinery technology without resorting to 
detailed technical descriptions of the various items. 

During the year 1929, the most noteworthy tendencies have been 
towards the installation of more flexible plants, more unified operations, 
more balanced performance and greater fuel economy. In no other year 
in the history of petroleum refining has the industry witnessed to as great 
a degree the crystallization of so many developments in almost every 
phase of the art. Economic pressure has been the controlling factor, 
supplemented however by a market demand for more volatile anti-knock 
gasoline and higher quality of lubricating oils, resulting from the extended 
use of high-compression motors. 


CaTALytTic HyDROGENATION 


Possibly the outstanding achievement during the year has been the 
beginning of construction of plants by the Standard Oil Co. of New 
Jersey for the catalytic hydrogenation of the so-called heavier and inferior 
petroleum oils to produce therefrom not only high yields of anti-knock 
gasoline, but also lubricating oils equal in quality to the best grades 
obtainable. It is reported that the plants will operate at a pressure of 
4000 lb. or higher and temperatures in excess of 900° F. will be used. 
The hydrogen required for the conversion will be produced from refinery 
gases. This type of processing will doubtless be an important factor 
in balancing future operations; in other words, it can be used to eliminate 


present waste products and permit production of high-grade products 
from low-grade crude. 


IMPROVEMENTS IN LUBRICATING OILS 


Another important development during the past year has been the 
extended use of vacuum stills, making possible the production of lubricat- 
ing oils from what was formerly classed as “fuel-oil crude,” or crude from 

* The M. W. Kellogg Co. 
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sh only fuel residuum could be made. Better separation of the vari- 


with centrifugable cylinder stock and high-melting-point asphalt. 
_ It has been reported that considerable progress has been made 


_ separation of acid sludge by centrifuging. 

-_ In filtration of the lubricating oils to acceptable colors, the contact 
filtering operation is being more extensively employed and the use of 
_ continuous earth burners, such as the Wedge and Herreschoff types, has 
_ increased the efficiency and reduced the cost of clay recovery. 
Much progress has been made toward the complete dewaxing of 
__ paraffin-base oils. Methods have been developed by which the lubricat- 
ing stocks from the distillation and treating units are dewaxed by the 
centrifuge or filter aid processes. Temperatures as low as minus 45° F. 

are used. 

The Gover process of dewaxing by use of selective solvents has been 
further developed and now is said to be in successful commercial operation. 


CRACKING OPERATIONS 


Another remarkable advance of the past few months has been the 
Y - rapid commercialization of vapor-phase cracking. This has been given 
attention primarily because of the increased demand for anit-knock 
gasoline. Operating cycles have been lengthened, resulting in greater 
economy of operation, which, together with a material reduction in 
amount of gas produced, makes this type of operation more practical. 

Liquid-phase cracking units are now being built which are capable 
of producing gas, gasoline and coke only, thus eliminating the production 
of fuel oil which, on account of overproduction, demands a very low price. 
The coke formed is, in many cases, being pulverized and used for fuel in 
the same unit. 

Where it is essential to produce fuel oil, much work has been done on 
the elimination of coke, resulting from cracking, with the result that 
~ gome outstanding units produce little, if any, coke. 


Repuction oF Gas LossEs 


Attention is now being directed toward the reduction of gas losses 
from refinery operation. Absorption and stabilization plants have been 
erected in conjunction with topping and pressure units to recover the 
gasoline contained in the residual gases, in addition to eliminating the 
dissolved gases in the gasoline produced. By means of such installations, 
storage losses and losses due to handling in tank cars and station tankage 
have been reduced. Some of these units have been installed in conjunc- 
tion with cracking equipment, utilizing waste heat from cracking opera- 


recovery of poe franbe pressure still gases averages Stoke 
1000 cu. ft. of vapor, which in many cases represents as much as 
re cent. of the original crude. ; 
a Vapor-phase treatment of cracked distillates has been ineranee L 
‘ja attempt to reduce acid treating, thereby preserving anti-knoc l 
<a Bubble towers have been added to this type of ee for the purp 


seule gasoline. 
A definite trend toward the use of crude opieee and rerunning ea 
@ ment for light distillate in combination with apparatus for cracking and ~ 
lubricating oil distillation is noticeable. The prevailing prejudi 
against the combination of these so-called independent operations is _ 
giving way, because there are now in operation installations of this charac- 
iS. ter which are functioning most efficiently. ose 


IMPROVED APPARATUS 


The use of shell stills is passing. Replacements are almost invariably — 
of the tube still type. There have been many recent improvements in 
tube stills along the lines of increased fuel efficiency and decreased installa- _ 
tion costs, which have been brought about largely by the increase of — 
mmdiaeelen, transfer surface, improvement in the convection bank <q 
design, improvement in burner design and the addition of air preheaters — 
for recovering heat from the flue gases. 4 

One outstanding example of this is the DeFlorez furnace, in which | 
the total heating surface in the furnace is of the radiant type and the HH 
convection bank is replaced by a conventional type of air preheater. — 
The design of this furnace is unique, in that it-consists of a cylindrical — 
firebox lined with radiant vertical tubes with the air preheater and stack — 
located on the top of the unit. The burner is at the bottom of the shell, 
and the unit is fired up through the center. It has been successfully — 
used in conjunction with vapor and liquid-phase cracking, topping and 
vacuum distillations. In general, it is usual to obtain an over-all fuel 
efficiency of from 70 to 75 per cent. with these modern tube still installa- 
tions, as compared with the old shell still operating, showing a fuel effi-— 
ciency of from 30 to 40 per cent. 

The use of indirect heating methods employing such heating mediums 
as mercury and diphenyl have been closely studied and a few commercial 
installations have been made. These processes both operate under 
vacuum and the advantage claimed for them is that by the use of indirect 
heating more accurate and uniform control of temperature conditions ean 
be obtained. 

There have been many developments in the improvements of auxiliary 
apparatus such as pumps and control equipment. The advance in design 


4 
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of hot-oil centrifugal pumps has permitted handling large quantities 
of hot oil at high pressures and increased efficiencies. The use of high- 
speed efficient turbines has materially reduced the cost of operating these 
centrifugal pumps. The adaptation of efficient reciprocating steam 
engines to driving high-speed reciprocating pumps has also been an 
important factor in reducing the cost of pumping hot oil. 

The field of automatic control has received a most intensive study, 
with the result that automatic controllers are now available for con- 
trolling pressure, vacuum, temperature, rate of flow, levels and combus- 
tion. This has resulted in important savings in labor and fuel costs, 
and because of the uniformity of operation resulting from their use, 
maximum yields of specification products are permitted. 

As a result of these improvements in methods of handling and control, 
single units are now being built for handling as much as 15,000 bbl. per 
day. This increased volume per unit, of course, materially reduces the 
unit operating cost and thereby increases the margin of profit. 


A. M. E., the following Pcetone were co to a pre of tl 
engineers and educators in the petroleum industry: ri 
1. Should there be any Seditit in the curricula of our cours 


If so, what changes?! r pase 
2. Should courses in eerste engineering be. offered 
university extension? . 
_ 3. Should the universities offer correspondence courses in 
leum engineering? 
4. What should be the character of the graduate work offersdat in 
petroleum production engineering? = 
5. Should summer work in the oil fields, on pipe lines, orin oil refineries — 
be required of undergraduates? If so, how much and of what character? 
The following men replied to the questions: ! 


G. B. Corless, Humble Oil & Refining Co., Houston, Texas. =i 
J. R. MeWilliams, Skelly Oil Co., Tulsa, Okla. 
_W. W. Scott, Humble Oil & Refining Co., Houston, Texas. 
H. H. Power, Gypsy Oil Co., Tulsa, Okla. 
. G. E. Bignell, Oil & Gas I ournal, Tulsa, Okla. 
. L. Estabrook, Pan American Petroleum & Transport Co., New York, N. Y. 
. P. Donohue, Pan American Petroleum & Transport Co., New York, N. Y 
. O. Rison, Indian Territory Illuminating Oil Co., Bartlesville, Okla. 
. B. Holland, Phillips Petroleum Co., Bartlesville, Okla. 
. J. Kemler, Shell Petroleum Corpn., St. Louis, Mo. 
. A. Bonine, Pennsylvania State College, State College, Pa. 
. O. Lewis, Dunn & Lewis, Tulsa, Okla. 
. G. Heggem, Tulsa, Okla. 
.M. 
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Lovejoy, Petroleum Bond & Share Corpn., New York, N. Y. 
Boatright, Colorado School of Mines, Golden, Colo. 

Ruble, Union Oil Co. of California, Los Angeles, Calif. 
Umpleby, Goldelline Oil Corpn., Oklahoma City, Okla. s 
Knappen, Gypsy Oil Co., Tulsa, Okla. ' 
Heald, Gulf Companies, Pittsburgh, Pa. 7 
Solnient Exchange National Bank Bldg., Tulsa, Okla. ; 

a G. Tickell, Stanford University, Stanford University, Calif. 
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* Director, School of Petroleum Engineering, University of Oklahoma. 
‘See page 901, Petroleum Development and Technology in 1926, A. I. M. E. 
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n E ES U. Ss Batrean of Mines, Bartlesville: Okla. 

E. Beecher, Empire Companies, Bartlesville, Okla. 
Warren A. Sinsheimer, Henry L. Doherty & Co., New York, N. MG 
Lester C. Uren, University of California, Beronleyy Calif. 

_ _Harold Decker, Tidal Oil Co., Tulsa, Okla. 

George L. Nye, Tidal Oil on Maud, Okla. 

G. R. Henson, Shell Petroleum Corpn., St. Louis, Mo. < 
Ernest R. Lilley, New York University, New York, N. Y. 

Arthur Maddox, Carter Oil Co., Seminole, Okla. 


The written discussion developed by the questionnaire was presented 
in mimeographed form at the February Meeting and a limited number 
of copies are available to educational institutions at Institute head- 
quarters. This discussion may be briefly summarized as follows: 
3 Question 1: The leading idea advanced was that more attention 
_ should be given to the function of natural gas in the production of oil. 
Question 2: Most of the replies favored extension courses. 
Question 3: Most of the replies were opposed to correspondence 
_ courses. 
Question 4: Most of the replies were in favor of confining graduate 
work to research on specific problems. 
Question 5: Opinion was divided. 


DISCUSSION* 


H. C. Grorce.—I had a purpose in sending out the five questions. Much of 
my time is taken in answering letters pertaining to correspondence on extension 
courses in petroleum engineering; another matter that claims attention is the demands 
that the University of Oklahoma, Extension Department, is receiving for courses in 
. petroleum engineering. The tenor of the replies conformed with my personal opinion 
4 on the demand. My experience showed that nine out of ten of the boys who wanted 
3 correspondence courses in petroleum engineering had had no basic science, and when 
‘ they were informed that an essential knowledge of mathematics and chemistry and 
f physics and geology was required, they lost interest. 


1. Saoutp THERE Be ANY CHANGES IN THE CURRICULA OF OUR CouURSES IN PETRO- 
LEUM ENGINEERING TO Mrrr THE CHANGING DEMANDS or THE INDUSTRY? 


H. T. Mann,t Cambridge, Mass.—In looking over the catalogues of petroleum 
engineering, I found the same trouble or the same lack that was so prevalent a number 
of years ago in mining and metallurgical curricula; that is, the various courses empha- 
size practice at the expense of business. 

We are not trying to prepare men to be drillers or to occupy similar positions all 
their lives. They are going ahead to positions where they will have to handle men 
and look after business details, I believe they will be much stronger if they are given 
more business training at the expense of some of the engineering practice. 

Other than the above I would not suggest many changes in the curricula. 


* There was no oral discussion of question 4. 
+ Associate Professor of Petroleum Engineering, Massachusetts Institute of 


Technology. 


E. R. Diirey. ae my ‘Dictate the so-called 
economics teachers, present little of value to the en, 
tat as 


H. TE; Mann.—I will agree with you, but it is panied sis 
ness in a course in petroleum practice. Take an illustration from the m 
I believe the general practice would be to use Peele’s “Handbook of Minit 
: text in the fourth year mining practice. That gives a man nearl all practical 
ce Why not use texts such as Hoover’s “Principles of Mining,” or the book by Fi 
gh They are full of good practice and at the same time they are oe 
Z\. ness standpoint. 


H. H. Power, ¢. Pyles § Okla.—I agree with ae statement just. made. 


some attempt ahold be a to assist an eaneee: in pattcalai a Act V 
business fundamentals. His skill as a technical engineer should not distrac 
attention unduly from the broad aspects of business practice. 


I. I. Garpescu,{ Pittsburgh, Pa.—In most cases undergraduate studenieg 
not sufficiently prepared to undertake research work in petroleum engineerin re 
_have seen, in a technical institution of high standing, a student working on a pro 
of recovery, who had not the slightest idea of what an oil sand looked like. I have 
seen, in a school of engineering, students working on the theory of flow of oil, wh ° 
never had any physics and chemistry beyond their freshman year. There is a great 
demand for sound research work in the oil industry. I suggest that students be — 
trained in the technique of research in petroleum engineering in a manner similar 
to the training given to the student in chemistry. Original research should be carried — 
out only by students who are equipped for the work; preferably by those who have 
had some practical experience with petroleum engineering problems. ; 


Bs 


2. SHOULD CouRsEs IN PETROLEUM ENGINEERING BE OFFERED THROUGH UNIVER- 
siry ExTENSsION? © é ; 

E. R. Lintry.—Before we go into this question will someone define for me what + 
the general understanding of the term ‘‘university extension’”’ is? Does it: mean ; 
evening courses within the university or does it mean courses given away from the | 
university in adjacent towns? 
4 


H. C. Grorer.—As I understood it and as we use it, it means both. ae 
EK. R. Littey.—There is a difference as far as I am concerned. | 


R. H. Jonnson, § Pittsburgh, Pa.—I would say that the answer lies in the demand. 
If there is a demand that justifies the effort, we should certainly do it. The grade 
of work to be done also is a function of the type of demand. If trained men want _ 
something supplementary, give them something of that sort. If the demand comes 
from men that can take very little, let the material be adapted. I do not think any 
harm will result, and some good may, where there is enough demand, but I do think 


* Associate Professor of Geology, New York University. 

} Petroleum Engineer, Production Department, Gypsy Oil Co. 

{ Petroleum Engineer, Research Department, Gulf Production Co. 
§ Professor of Oil and Gas Production, University of Pittsburgh. 
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is questionable to try to force university extension where demand is inadequate 
nd to devote a good deal on effort for a few students of inadequate preparation. 


H. T. Mann.—Too often, extension courses are given at the expense of the staff 

i the university. Men leave the university to give a course in extension work at 
i some other place; they are usually fairly busy and time has to be given which other- 
wise would be devoted to the university work. Often, also, as has been said, the 
men applying for extension courses are not prepared for the work they want. 


T. T. Reap,* New York, N. Y.—Very often the demand does not exist unless 
facilities are created for supplying the thing which is to be consumed. I think it 


- would generally be the experience that if a school started extension work it would 


take a little time to build up the market, just as it takes any manufacturer time 


_ to build up his market. People do not know that the service is available ; also, perhaps 


they are not ‘‘sold on the idea” that it would be worth while to use it. 
As Dr. Lilley pointed out, there is a difference between extension work and what 
we call “home study” work. Extension, with us at Columbia University means 
courses given outside of the regular school hours, in the evening or late afternoon, 


for which the students come to the school, whereas home study does not involve 


attendance at any classes. Those have entirely different set-ups with us. 

The home study people pay the regular university people for doing the necessary 
work on the home study courses, and the University cooperates to the extent of reliev- 
ing the teacher from duty so that he can devote time to preparing material for home 
study work. But the home study does pay the teacher; it is not simply another 
burden loaded on a patient teacher’s back. It has worked rather successfully with us 
and so far our home study work has gone on a pay-as-you-go basis; it carries -its 

own cost. We have never attempted any home study work in petroleum. I do not 
~ know whether we should. In our case it would have to be integrated with an already 
existing set-up. 

I think that you cannot expect people to come to your door, asking you to do some- 
thing for them. It may often have to work the other way; that you have to be 
prepared to give a useful service before a demand will develop for it. 


H. T. Mann.—Even though the teachers are supposedly relieved of other duties, 
there are men teaching the home study courses who are carrying loads that are too 
heavy forthem. In one course that I know of the teacher has once or twice apologized 
because he reached the meeting place and sat down for a few minutes to rest before the 
lecture started, and went to sleep. 


_E. R. Littey—The other side of the extension work is a little different from the 
side that Professor Mann brings out: a large number of the men around Columbia and 
New York universities are most anxious to teach extension work because it means 
extra pay. - 

To me the word extension means courses given primarily outside of the university 
buildings. In New York that might mean perhaps courses given in Bayonne or 
Paterson or Westchester County. Courses given at the university in the evening 
we do not always term extension unless they are courses that do not lead to degrees 
and are not given by degree-granting schools. The courses that may be given in 
adjacent towns are good publicity for any school, regardless of whether the value is 
there or not. 

As far as the petroleum course is concerned, we have near us probably the largest 
single refining center in the world in Bayonne, yet I have not seen any good reason 
for making the suggestion that the university give an extension course there. The 


* Vinton Professor of Mining Engineering, Columbia University. 


demand is most Sie it is very high at one mome 
the fundamentals, given in order to make it possible t re tal 
more advanced material, the students drop out. my 
On the other hand, when we make the student come to us for 
the evening, somehow or other we manage to keep them coming 
- without an undue amount of advertising, and it seems to spread phi 
get something worth while in such an extension course. Within the w 
university the evening type of course seems to us to be very - successful. 


C. V. Miuiikan,* Tulsa, Okla —Dr. Lilley’s comment on masinteint 
is of vital importance. I happened to come in contact with one of our bi 


the necessity for fundamentals in order to carry on more nivapeat soak; ps in 
correspondence or extension, in order to maintain interest why not start immediate y 
with problems that will create the fundamental knowledge by the working of 
practical problems which he meets every day? 
A student is too apt to fail to see the application of the fundamentals—the sim le 
chemistry, physics, mathematics; the basic courses—to his work, and as a result ; Sot 
becomes uninterested. gh 
3. SHouLD THE UNIVERSITIES OFFER CORRESPONDENCE CoURSES IN PETROLEUM — 
ENGINEERING? 


T. T. Reap.—Correspondence courses have been under seman aaa of a chen ; 
because the earliest correspondence courses were intended for uneducated men. 
They were intended to teach the simplest things. The universities that carry on 
correspondence courses in advanced subjects and many of the large universities do, 
carry them on successfully in many instances. I see no reason why that cannot be 
done with petroleum engineering, nor why correspondence work should be hampered 
by the “roughneck” associations of its earlier days. dee 

The course which our own Home Study Department at Columbia offers in gas i 
engineering is exceedingly successful. One of the professors is paid for doing the work 
necessary for getting the study material properly prepared and the papers corrected. 
With the cooperation of the American Gas Association, a successful home study course 
has been developed. 


for an extension course in petroleum engineering is that the vast majority of those who 
ask for it are deficient in basic science, and the moment you mention that they should _ 
have the basic sciences they are no longer interested. They probably represent nine ~ ‘ 
out of ten. The tenth is probably a man with a degree in some branch of engineering — 
and he asks for a petroleum engineering course. As I have analyzed it, a man with ~ 

a basic engineering degree is as well qualified as the teacher to go into the literature % 
on the subject, and secure the information; so I personally have felt that if you could 
say that the basic science course was netealenes engineering, call it that, you could 
probably do much good. 


H. C. Groran.—The thing that I have noticed in connection with this demand 3 
# 


T. T. Reap.—Is not interpretation the thing you need? It is true that these 


people can read literature, but the question in their minds often is, what does it 
all mean? 


H. C. Georau.—There is so much interpretation. What a man is perhaps eee 
is not interpretation that he can secure by description and narration on the part of the 


* Production Engineer, Amerada Petroleum Corpn. 
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professor, but something he has to see and handle Bareents and a man can only get 


that by. experience. 


E. R. Littey.—I feel that correspondence work in advanced courses ould 


be undoubtedly the most satisfactory to me personally, but I know it would not be 


satisfactory to the administration of any university that was not heavily endowed. 


Dr. Read mentioned the cooperation of the American Gas Assn. in the the gas engi- 


neering course. If the American Petroleum Institute would do likewise, it might go, 


_-but as far as the demand is concerned, the number who want particular phases would 


be rather limited, and Bnav erties, unless they are endowed, cannot afford to take 
a chance. 

I am more interested in the question of the “under dog” who wants to rise. The 
situation that comes up is this: I have a steady stream of letters from men somewhere 
in the middle of Kansas or in the middle of Wyoming, or in the Maracaibo Basin, or up 
in Alberta, who want to know where they can get information about petroleum 
engineering or petroleum marketing problems. I write them that if they have four 
years to spend, they should go to the University of Oklahoma, and if they are going 
to be in New York to come and see me and I shall be glad to see what I can do for 
them here. But I know they are not going to be able to take four years off, and I know 
that their work is not going to be of such character that they can come to New York. 

What am I going to tell such men? My university is against correspondence 
school work. I do not know of any university giving correspondence school work. 
I hesitate to recommend certain of the correspondence schools proper that have 
attempted to take up that work. Is there anything that can be done for the fellow 
who is trying to pull himself up a little under these circumstances? ; 


_ 5. Saounp Summer Work IN THE O1n Fiexps, on Prive Lines, orn 1n Ort REFINERIES 


Be ReqQuiRED oF UNDERGRADUATES? Ir So, How Mucu anp or WHat CHARACTER? 
1 


R. H. Jonnson.—I have been trying to do this for several years, because I know 
it is desirable, but there have been some difficulties. We do definitely require a 
summer in camp and we exert every pressure we can to get a summer afterwards 
in practical experience, and one of the most useful means is to let the students under- 
stand that if they have had this extra esxperience they can be placed to better advan- 
tage. But when it comes to making it an absolute requirement we run into the 
difficulty that so many of our boys cannot afford it. Some of the students are even 
making money during the winter term, and many have to put money first in choosing 
work for the summer term. The distance that it is necessary to go to get work in 
many cases is a factor. 


H. T. Mann.—While we agree with everyone that field work is desirable, and the 
more the better, still I have a feeling that a school should not require any work outside 
of its own instruction, during the course. If they wish to take the men to the oil 
fields, or in mining courses take them to the mines, it is a good thing, but as for 
requiring the men to go out into the fields and work, I do not think it should be done. 

There is one point to consider, and that is that the men are coming in contact with 
bad practice as well as good, and so often an instructor will spend a large amount of 
valuable time trying to straighten a man out on some of the things he has learned in 
the fields which he would have been better off had he not come in contact with. 
After men have developed judgment so that they can tell the good from the bad, 
the practical experience is worth a good deal more. 

By the time the young man is through with his course at school he has had the 
fundamentals and he should be prepared to reason out things for himself, and in that 
way pick out the good from the bad, while as a student he has not yet sufficient 
fundamentals to make it possible for him to do the selecting. 


est engineers in the Ae Ae ae very strong re 
being trained as engineers are not physically able to do 
men are ‘required to go out and work with the roughnecks around | 
lose them from the Suances Eael eres 


ae! calculating charts. ference of that kind will be more mee tO hs to th 


3 ha than shoveling sand around tanks or digging ditches, because they will not 
_ a to do that kind of work when they get out of college, and although it may give 
: the field man’s viewpoint, in many cases they can do better engineering work 


go into the field after graduation with an open mind on all practical problems. 

Another point we should consider is that the average age of college gradua 

is going down. Many of the graduates are very young, and most of them are 

: fully developed physically. They really are not able to do the manual labor tha 
oa expected of them, and yet they have to go out and do their Share. A boy Pay 


man as any other fellow on the job, but if he tries to keep up with some of the pee m 
men around drilling wells, he will probably ruin his health. The fact that these boys, 
are being pushed so fast is a good reason why many of them should take a summer — 
vacation forget all about study and rest up for the next year. We are beginning to 
need more and more who are trained in the fundamentals of engineering, rather 
than ‘in the practical phases of the work. 

. For that reason, it would seem advisable to carefully select the men that are sent 
into the oil fields during summer vacations. 


E. R. Littny.—Most students are rather low in funds and it seems that there is 
less money in digging ditches for three months than there is in waiting on tables 
at a hotel. ar” 


H. C. Grorce.—It would seem to me that the schools in this country offering 
petroleum engineering as a major group ought to get together and have say three 
of their number, one on the Pacific Coast, one in the Middle West, and one in the 
East, offer a summer course to take care of the group that Mr. Hill mentioned—men 
who are physically unable to do field work. Say, for instance, in a given summer, the 
institution on the Pacific Coast offering the course might make a study of gas and oil 
pipe lines, and the group in the Middle West might make a study of air-gas lift, 
and the one in the East might make a study of flooding. : 

If three institutions, representative of the best schools, would cooperate in that — 
way, it would seem to me that it would add materially to the work being done by these 
schools, and would aid the petroleum industry. 


A> seth inet ie 


R. H. Jonnson.—The suggestion of possible cooperation between us is worth 
while. The demand that Dr. Lilley has spoken of for correspondence work is very 
scattered and there is not enough of it to justify more than one institution in the 
country doing it. If some one institution, possibly Columbia, in view of its great 
experience in correspondence work, would undertake it, I am sure I would be glad 
to forward the correspondence requests I get, because there is not enough of it for 
us to venture into it, but I think that collectively, all over the country, there is enough 
for one and only one institution. 


* Petroleum Engineer, Standard Oil Development Co. 
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